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A(tq Ompoirtainit Mote to Moro-Matlh Teachers aumcfl Others 
Who Are Corosodlermg Usiing This Book 



You don't have to be a certified math teacher to use this book effectively. 

Fun with Math was developed for teachers, youth group leaders, after-school 
child care providers, and parents who may not have the time or expertise for 
preparing students to be effective problem solvers. 

In fact, many of the teachers who developed the lessons in this book are not 
math specialists. Like many elementary school teachers, they did not have 
extensive training in mathematics education. Early in their teaching careers, 
most of them didn't conduct much hands-on math in their classrooms 
because they lacked confidence in their abilities, believed they didn't have 
adequate educational background, and/or didn't have adequate time to 
develop innovative instructional activities. 

Despite their beliefs and concerns, these teacher-writers decided to try a 
simple, hands-on activity with their students. The result — they realized 
that when they taught math in an inquiry-based, hands-on manner, 
students learned, understood, and remembered more. These teachers 
and many others, who began teaching through inquiry, found that they 
could teach math in a way that works for them and for their students. 

Thus, from their own experiences in developing math teaching skills and 
strategies, the teachers who contributed to this book understand that 
readers who use it may experience similar feelings of inadequate preparation, 
low confidence, and/or lack of preparation time. That's why these teacher- 
writers designed the lessons in Fun with Math — so that any teacher, youth 
group leader, after-school child care provider, or parent can successfully 
provide hands-on math instruction. 

Each teacher-tested lesson provides clear, step-by-step instructions and 
plenty of background resources. In addition, the hands-on, trial-and-error 
nature of the activities will allow your students to work through the lessons 
with you and retain the learning longer. And if mistakes are made in the 
activities, learning has still taken place; students will know what to avoid the 
next time. So, pick a learning activity that you would like to try and 
begin! 
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lo-Servoce Train 5 ng 

For training in the use of Fun with Math, contact the Ohio State University’s Vocational 
Instructional Materials Laboratory (VIML) at 800/848-4815, ext. 2-8300. Training 
can be provided at your school or at the VIML. 



Notice to the Reader 

The reader is expressly warned to consider and adopt all safety precautions that might 
be indicated by the activities herein and to avoid all potential hazards. 

The publisher makes no representation or warranties of any kind and shall not be liable 
for any special, consequential, or exemplary damages resulting, in whole or part, from 
the readers’ use of or reliance upon this material. 



This publication was funded by a School-to-Work Opportunities; Urban/Rural Opportunities Grant 
(CFDA #278G) from the U.S. Department of Labor. The Project was administered through the 
Buckeye Hills Collaborative Partnership, Gallia/Jackson/Vinton JVSD, Rio Grande, Ohio. The content 
does not necessarily reflect the views of the Department or any other governmental agency. 

As equal opportunity employers and service providers, it is the policy of the U.S. Department of 
Labor and The Ohio State University and supporting agencies to offer educational activities, 
employment practices, programs, and services without regard to race, color, national origin, sex, 
religion, disability, or age. 



© 1999, Vocational Instructional Materials Laboratory. 
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Both Fun with Math: Real-Life Problem Solving for Grades K-3 and Fun with Math: Real-Life 
Problem Solving for Grades 4-8 were written and piloted by a wide range of teachers and 
teacher trainers. These books were developed as resources for teachers to use in 
helping students improve their problem-solving skills in the context of real-life settings 
and situations. 

The development of books was funded by an Urban/Rural Opportunities Grant through 
the Buckeye Hills Collaborative. Both books are distributed by The Ohio State 
University’s Vocational Instructional Materials Laboratory (VIML), which is part of the 
Center on Education and Training for Employment. Similar books for grades 9-12 and 
adults have also been developed and are distributed by the VIML. The sales office can 
be reached by calling 800/848-4815 or faxing 614/292-1260. 

In addition, the VIML’s professional staff provides coaching and workshops for teachers 
and trainers that prepares them to effectively use these and other math- and science- 
related materials. The VIML staff also does training in problem solving with math and 
science for grades 9-12 and adults, using the ACT Work Keys System™. For further 
information, contact the VIML directly at 800/848-4815, ext. 2-8300 or 
614/292-8300. 
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About This Book 





Fun with Math: Real-Life Problem Solving was developed for teachers who may not have 
the time or the expertise to develop strategies for preparing students to be effective 
problem solvers. Thus, significant attention has been given to making it user-friendly. 
Both the organization of the book’s content and the content development were 
carefully planned to achieve this outcome. 



The book’s content is organized in a pyramid style to make it easy to locate and grasp 
the information provided. Information about effective strategies for teaching general 
real-life problem solving are provided first. Similar information specific to real-life math 
problem solving follows. Together, these two sections lay a foundation to prepare 
teachers to successfully deliver the learning activities provided in Fun with Math. 




The Learning Activities section is organized by strand, as identified by the Ohio 
Mathematics Proficiency Outcomes. Each section begins with an index of the activities 
included in that strand. 



Fun with Math’s appendices provide additional details that can be used to facilitate the 
development of more complex skills. 



Appendix A — References 

Appendix B — Resources (i.e., books, software, Internet sites, and materials suppliers) 
Appendix C — Common math vocabulary 

Appendix D — Ohio 4 th -, 6 th -, and 9 th -grade Mathematics Proficiency Outcomes 
Appendix E — Matrices of learnin^^tivities, proficiency outcomes, and process skills, 
designed to help you focus learning activities on specific mathematical 
and process skills. 
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Content development 

The Fun with Math development team followed the guidelines listed below in creating 
this book: 



° Fun with Math was written for non-math teachers. You don’t need formal training in 
math to make full use of this book. However, even formally trained math teachers will 
find the book’s practical focus on applications to real-life situations valuable. 



Hint: If you 
missed the note in 
j the inside front 
'■ cover, go ahead 
1 and read it now. 
i It provides insights 
: and encourage- 
. mentfrom 
i teachers who once 
■ felt overwhelmed 
i about teaching 
real-life problem 
| solving. 



° Fun with Math supports what teachers are already doing by offering ideas and 
materials for achieving their current goals and objectives. It is not a new program or 
a new curriculum — it is a resource that compliments existing instructional efforts. 

° Fun with Math is not intended to be a complete curriculum. Instead, it supplements 
the curriculum by giving teachers a wide variety of learning activities to use as 
needed. 

° Fun with Math was developed with consideration for the National Mathematics 
Standards and the Benchmarks for Science Literacy. The book’s goal is to help 
students become more effective real-life problem solvers. The learning activities 
were designed within the following philosophy, which reflects the key principles 
underlying the national mathematics standards. These were also validated by the 
TIMSS findings. 



/ All students can learn, regardless of differing abilities, economic status, 
learning styles, and academic strengths. 



/ Learning is an active process. 



/ Math and science education should model the process by which 
explorations are conducted in the real world. 



° The specific Ohio Mathematics Proficiency Outcomes addressed by each learning 
activity in Fun with Math are noted on the first page of each activity. Proficiency 
Outcomes are listed in Appendix D, pp. 422-427. These outcomes are measured by 
proficiency tests in Ohio; other states identify and assess similar competencies. 



With this overview of the book in mind, look at your present needs. What goals do you 
hope this book will help you achieve? List these if you wish. The next section ( Where 
Do I Begin?) will help you get started on these goals. 


















Where Do 1 Begin? 





So here you are, interested in using Fun with Math as a resource for helping students 
develop and/or practice problem-solving skills and wondering where to begin. 

Everyone reading this book has a unique blend of experience, ideas, resources, and 
needs. Therefore, uses for the book will vary. However, pilot teachers provided a step- 
by-step model to help you get started. Once you gain experience, you can customize 
the model for your unique situation. 




Read Effective Instructional Methods for Real-Life Problem-Solving and Effective 
Instructional Strategies for Real-Life Math Problem-Solving (pp. 5-40) for background 
information about real-life problem solving. These sections will help you understand 
the principles involved in teaching real-life problem solving. You may wish to highlight 
some principles, models, or ideas to refer back to when implementing learning 
activities from this book. 

1 . Select a strand to focus on that matches your instructional needs. 

2. Review the learning activities in that strand. 

3. Choose an activity that you’d like to try. 

4. Check to be sure that students have the prerequisite skills needed to complete 
this activity. If they don’t, provide one or more lessons to help students build the 
knowledge and/or skills needed to complete the learning activity. Many Fun with 
Math lessons provide engagement activities that can be used for such 
preparation. 

5. Gather the materials needed for the learning activity. 

6. Review the real-life applications and add others from your knowledge of 
students and your local community (e.g., businesses, social factors). 

7. Organize a lesson plan that includes these components: 

0 Provide opportunities for students to solve problems cooperatively (e.g., 
to work individually but share ideas with classmates, to work in assigned 
pairs, and to work in assigned small groups.) 



'i 









° Vary student grouping. Have students work on some tasks individually, 
some in pairs, and some in small groups of 3-5 students. (Refer to pp. 
21-23 for ideas about cooperative/collaborative learning and pp. 24-27 
for ideas about instructional equity.) 

° Have students keep a journal in which they reflect upon what they 
learn and the processes used in solving problems. 

8. Assess student learning in a variety of ways. Suggestions are provided in the 
Evaluation section of each learning activity. 

9. Supplement Fun with Math materials with other math resources as needed. 
Suggestions are provided in the Resources for Teachers section of each learning 
activity. (Resources are also listed in Appendix B, pp. 408-417.) 

10. Plan additional instructional strategies for students whose skills did not improve 
as much as necessary. The extension activities in each lesson can be used for this 
purpose, as well as for reinforcement. 
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Effective Strategies for Teaching Real-Life 

Problem Solving 



Students come to school with a wealth of knowledge. Not all students have the same 
knowledge, but they all possess knowledge. The teacher’s challenge is to identify what 
knowledge each student possesses about any given subject or topic and utilize that 
knowledge as the foundation for building greater understanding. Teachers must become 
skilled questioners to help students draw upon the knowledge they already have so they 
may discover and develop other, related concepts. When students engage in 
mathematical or other explorations, they use their prior knowledge, manipulatives (or 
models), logical reasoning, trial and error, and many other processes to construct new 
knowledge. When students are required to construct their own knowledge from an 
inquiry-based exploration, the new knowledge has greater meaning and value. Therefore 
the student retains the new knowledge longer and applies it to new situations more 
efficiently and effectively. Especially in the areas of math, science, and technology, 
students find the process of discovering concepts fun and empowering. And an 
empowered student delights in exploring new applications and concepts, further 
strengthening their understanding of the subject matter. 



When using inquiry-based learning, teachers provide students with opportunities to ask 
questions, then answer those questions for themselves through investigations . 1 Inquiry- 
based instruction includes these characteristics : 2 

° Starts with one or more problems or open-ended questions. 

° Engages students actively. 

° Helps students make real-world connections and applications. 

° Concentrates on students’ collection and use of evidence. 

BEST COPY AVAILABL 

1 Science With Reason (1995) p. 7 

2 National Council of Teachers of Mathem&j;c& Curriculum and Evaluation Standards for School 
Mathematics (1989) and Benchmark$fw : 5cience Literacy (1995) professional development CD-ROM. 
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° Requires clear expression (e.g., written and verbal communication). 

° Often uses a team approach. 

° Does not separate knowing from finding out. 

° Welcomes curiosity and rewards creativity, encouraging students to make mistakes 
and to learn from them. 

° De-emphasizes memorizing facts and technical vocabulary. 

° Provides opportunities for students to have successes, which increases their self- 
confidence. 



.'(Q- Strategy for developing real 
f Teachers can change the questions they ask so there are many possible 
correct answers instead of just one. A traditional math problem such as, “What 
percentage of the chairs in the room are blue?” has one correct answer. In contrast, 
a problem that states, “Find examples of objects in your life that make up 20% of a 
whole” has many answers. These open-ended math problems become personalized 
to students’ lives by encouraging them to create solutions from their own 
experiences. 



Five Es of Instruction: A model for structuring inquiry-based learning 

Many teachers use an inquiry-based instructional model called the Five Es of 
Instruction (the Five Es) with great success. The Five Es is an expansion of the learning 
cycle. It can be used as a format for structuring lessons that allows students to learn 
through an inquiry-based process. The Five Es model includes the following 
components: 



Engagement 



How will you start the class and get students interested ? What “hook” 
will motivate your students to learn more about the topic at hand? 
Engagement usually involves students in a thought-provoking or 
discrepant event. It may include a demonstration and usually 
involves an all-class or small-group discussion. Often in math 
instruction, the engagement step helps students identify their 
preconceived ideas about a given concept. Note: This step is 
optional. Sometimes, “hooks” are integrated into the exploration 
activities. 
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Exploration What investigations , discussions, individual activities, and/or 



cooperative group activities will be used ? In other words, what hands- 
on activities will guide students to make observations and collect 
data? Note: In this stage, students are not given explanations 
about what to expect or why things happen the way they do, and 
no new vocabulary is introduced. 



step, your job is to help students draw conclusions and form new 
ideas from their observations and the patterns that surfaced during 
exploration. Traditional instructional strategies (e.g., demonstra- 
tions, lecture-discussions, textbook assignments, group reports, 
videotapes, and library research) are helpful strategies for 
completing this step. 



activity ? In this step, you will help students use what they learned 
to solve new problems. In addition, students can complete some of 
the extension activities at home. (See the Home Connections 
sections in the learning activities.) 



Explanation How will you help students analyze what they have experienced? In this 



Evaluation How are you going to assess student learning? In other words, how 



will you know that students understand the concepts and processes 
being taught? 



Extensions What possibilities exist to build upon the learning accomplished by this 



The Five Es model was used to structure the Fun with Math learning activities. In many 
cases, the explanation step is included as a class discussion at the end of the exploration. 



The teacher’s role ddtq iiiniquDry-based] learroorog 



Using inquiry-based instructional strategies takes teachers out of the traditional role of 
“bestower of knowledge" and puts them into the role of a learning facilitator, in which 
they coordinate the learning experience by: 



1 . Determining the theme or topic that will be studied. 

2. Organizing exploratory experiences for students. 

3. Facilitating questioning. 

4. Providing a framework for collecting information and making generalizations. 

5. Giving students facts (to supplement what students have discovered on their own). 
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Thus, inquiry-based instruction puts students in the center of the learning process 
where they can lead their own learning and moves teachers to the sidelines where they 
can facilitate (guide) and provide resources. 

A facilitating teacher uses the Five Es (or another inquiry-based learning format) to 
provide a motivating (engagement) activity, explains what is expected in the exploration 
activity, and lets students discover answers for themselves. Once exploration has taken 
place, the facilitator helps students synthesize what they have discovered, label it, and 
apply that understanding to other situations. A facilitator also provides resources — 
from materials to ideas, referrals, and questions — that help students pursue and capture 
learning on their own. When giving ideas and referrals or answering questions, it is 
important to give students only minimal information (i.e., as little as you can while still 
giving them enough to keep the discovery process moving) and let them discover the 
rest for themselves. 

In summary, teachers facilitate the learning process rather than leading it. To be 

successful in the facilitator role, you will likely need to develop some new thought 
patterns and skills, such as: 

° Allow students to be at the center of the learning process. In planning and 
implementing lessons, make a conscious effort to take on a facilitative role in the 
learning process. The learning activities in Fun with Math have been designed with 
students at the center of the learning process; use them as examples to help you 
develop student-centered lesson plans. 

° Structure the learning experience so students can learn and practice problem- 
solving skills. Hands-on exploration in teams is a very effective instructional 
strategy when focusing on problem-solving skills. Again, this book provides many 
examples of practical problem-solving activities. 

° Help students attain their goals without telling them the answers by staying in 
the resource person role. Questioning techniques are especially helpful in this role. 
See the bullet “Use open-ended questioning techniques” for more information. 

° Lead discussions by asking students to share their hypotheses, predictions, and test 
results. This discussion method encourages students to synthesize their learning 
and communicate that knowledge to peers. Students often need help from the 
sidelines as they learn these skills. Questions that teachers might use to enable 
students to express their ideas and reactions include : 3 
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J “Why do you think...?” (Asking about the learner’s reasons) 

f "How did you come to that conclusion?” (Asking about the validity of the 
learner’s statements) 

? "Couldn’t it be right that...?” (Asking for supportive evidence) 

f "How do you know that...?” (Asking for supportive evidence) 

f “How might we find out whether...?” (Asking for alternative possibilities) 

° Use open-ended questioning techniques. It may come as a surprise that such 
techniques are very difficult to develop. It takes significant planning and effort to 
master them. Many teachers have found these strategies helpful: 

/ When conducting a discussion, prepare several key questions to get things 
rolling. This technique also gives teachers a checklist to help them make sure 
that key points are covered. 

/ Avoid questions that can be answered with “yes” or “no.” 

/ Ask questions that require students to think critically to explain their 
observations and draw conclusions (e.g., avoid questions that let students 
provide only a number answer to an equation). 

/ Encourage students to use math language by using it in your questions and 
asking follow-up questions that elicit the correct math terms when students 
neglect to use them in responses. (See Appendix C for math terminology.) 

/ Answer a student’s question with a question. Used in the appropriate 
circumstances, this technique encourages students to think more critically and 
to solve problems on their own (or with other classmates). Hint: A curious , 
supportive demeanor is critical to the success of this technique. Many teachers have 
learned to start with a validating comment like, “That's a really good question, Jan," 
followed by a question. 

/ After asking individuals or groups of students a question, allow 5-10 seconds 
of wait time before talking, providing a hint, or calling on someone. This 
allows all students to respond — even those students who may be unsure of 
themselves and those who prefer to think answers through before talking about 
them. 
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t/ Ask questions without bias. Refer to the upcoming section concerning 
instructional equity for ideas such as: 

f Pose the same number of questions to both boys and girls. 

? Ask questions with the same level of challenge of both boys and girls. 

? Follow both boys’ and girls’ answers to one question with a second, more 
difficult question. 

° Encourage students to apply what they learn by encouraging them to reflect upon 
and explain their problem-solving process. Ask for such reflection with comments 
like: 

? “How did you get your answer?” 

? “Explain what you were thinking.” 

*? “How do you know that your answer is correct?" 

? “Can you make up a problem that is similar to this one?” 

? “Draw a picture of what happened.” 

? “Can you show me or describe a model like it?” 

Assigning journal entries is a great way to give students time to reflect upon their 
problem-solving processes. 

Many of the items listed are modeled in Fun with Math. For example, hands-on learning 
and real-world applications are integrated into most lessons. Student-centered learning 
and most of the questioning techniques are found in class discussions within 
engagement and exploration activities, as well as in the evaluation techniques at the end 
of each lesson. To help deepen your understanding of inquiry-based instruction, look 
for the ways it has been integrated into this book’s learning activities and apply any 
strategies you find helpful to other learning activities. 








Learning subject-area content is important. To become proficient in the 
competencies identified by math educators, students must understand basic math 
operations and principles. However, the ability to apply content is equally 
important. At work and at home, people need to apply their knowledge of the 
content in solving problems. Process skills lay the foundation for people to 
successfully apply content knowledge to solving problems in real-world situations. 

Consequently, teachers of all levels need to consider process skills as they plan math 
instruction. When learning activities help students practice process skills, learning is 
more active and students learn more than if they were lectured to or if they 
observed demonstrations. 

The Self-Check Worksheet on the following page defines the process skills generally 
used in math and science education. You may wish to use it to identify the process 
skills you currently teach and the ones you might want to add. Then, identify ways 
to help your students develop and/or practice these skills. Some ideas are provided 
on pp. 14-17. 
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Descroptooinis smd SeUF-CIhedk Worksheet 



Instructionis: In the first column, check the process skills that you currently use in instruction. In the 
second column, check those skills you’d like to add or expand upon. Use the resulting information as you 
choose learning activities from Fun with Math. 
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Building models: Constructing a representation of a system that is based on observations and 
inferences. 



I I I I Categorizing or classifying: Arranging objects or systems into categories based on shared 

characteristics. Can also refer to labeling objects or systems based on unique characteristics or 
some other specified criteria. 

I I I I Communicating: Conveying information (e.g., insights, explanations, results of observations or 

inferences, measurements) to others. Communication methods might include verbal, pictorial, 
graphic, or symbolic presentations. 

I I I I Comparing: Relating one thing to another in order to identify similarities and differences. 

I I I I Controlling variables: Holding all variables constant that impact an experiment or situation, 

except one variable whose influence is being investigated in order to evaluate changes in the 
others. 



I I I I Experimenting: Testing a hypothesis through information gathering. 

I I I I Hypothesizing: Forming precise questions to be tested scientifically. Formal hypotheses are 

stated so that each explanation may be tested and, based upon the results of those tests, 
accepted or denied. 

I I I I Inferring: Suggesting explanations, reasons, or causes for observed events. 

I I I I Interpreting data: Studying data, then summarizing its implications in the context of a scientific 

investigation. Familiar language should be used to describe the significance or meaning of data 
and observations. 



□ □ 





Measuring: Using instruments to define objects or systems quantitatively, either as compared 
with others or as compared with a standard. Measuring includes the monitoring of changes in size, 
shape, position, and other properties. 
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Observing: Using the senses and extensions of the senses to closely examine or monitor a 
system, noting and recording aspects that are not usually apparent under casual scrutiny. 



□ □ Ordering: Using observed characteristics to organize objects or systems in a sequence. 

I | | | Predicting: Forecasting a future observation or the next occurrence in a system or series of 

events based on prior observations and inferences. 



| | | | Reasoning: Making judgements based on observations, knowledge, and experiences. Usually 

involves making inferences and drawing conclusions. 

| | | | Recognizing relationships: Interpreting interactions between different components of a system. 

| | | | Recording: Creating a written record of observations made during experimentation. 
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Strategies for helping students develop and practice process skills 

The best way for students to learn process skills is for them to practice using those 
skills. Most of the time, process skills can be taught in conjunction with instruction 
about mathematical (and scientific) principles. Each learning activity in this book allows 
students to practice a wide variety of process skills along with content-area skills. (Refer 
to the first page of each activity to determine which process skills are targeted. In 
addition, a chart that identifies the process skills that are employed in each learning 
activity is located in Appendix E, pp. 428-440.) 

However, there will probably be times when you want to give students opportunities to 
learn process skills in isolation. Let’s use the process skill of classification as an 
example. Mathematicians and scientists put the objects they study into categories so 
they can more easily identify similarities and differences. As is the case with other 
process skills, classification skills are required in many job fields. They are increasingly 
important to daily living as we strive to create order and efficiency out of the multiple 
activities and demands that fill our days. Therefore, students can benefit from activities 
that help them learn classification skills in isolation by sorting objects with the same or 
different characteristics. (Even very young students can discern differences in 
characteristics such as shape, color, form, texture, and size.) Two activities that teachers 
can use to help students develop classification skills follow. 





1 . Give a pile of different buttons to each group of 2-4 students. 

2. Challenge students to identify categories and sort the buttons accordingly. To 
help them focus on the observable characteristics of the buttons that can affect 
classification, you can ask questions like: 

f How many buttons are there all together? 
f How many shaded buttons are there? 
f How many white buttons are there? 
f How many of the buttons have 4 holes? 
f How many white buttons have 4 holes? 

? How many shaded buttons have 2 holes? 

? How many shaded buttons have 4 holes? 

? How many buttons have 2 holes? 
f How many large buttons have 2 holes? 

3. Have students develop a chart to record their findings, similar to the illustration. 
Note: Depending upon the skills and experience of the students, have them work 
individually, in teams, or as a class to complete the chart. Skill differences will also 
determine whether or not the chart given to students contains any given 
information. 





r 

ERIC 



##+##### 




1 . Give groups of 3-5 students items to classify (e.g., toys, fruits, vegetables, 
flowers, leaves, shells, buttons, sponges, counting manipulatives, stones, kitchen 
utensils, tools, cutouts of geometric shapes, natural vs. manufactured items, 
items of clothing). 

2. Instruct individual students to examine each object, looking for its observable 
characteristics such as color, shape, texture, and size. 

3. Have each student in the group describe the characteristics of 1 object to the 
other group members. 

4. Instruct each group to sort all items into 2 piles by the similarities and 
differences of their observable characteristics. Examples: Sort all large objects 
into a pile and all small objects into another; all red objects into a pile and all 
non-red objects into another; all objects with wheels into a pile and all objects 
without wheels into another. 

5. Have the students discuss the criteria that they used to sort the items. 

6. Have students construct a dichotomous key (or chart) similar to the 
illustration in Classification Activity 1 . They should classify objects until all 
items have been separated singularly. Note: When first introducing this process 
skill to students, the key can be developed as a class, with coaching from the 
teacher. Once students gain experience with this type of activity, they can 
construct charts independently and in team exercises. 

ExtemiSDOim activities 

# After groups complete their charts, introduce new, related objects (limit of 3). 
Instruct groups to self-evaluate the results by adding the new items to their 
charts. 



# Have a representative from a group read a description (i.e., the characteristics) 
of an object on their chart to another group. Instruct classmates in the other 
group to identify the object. 
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# Place sets of different kinds of objects at different stations. Have groups of 
students rotate from station to station, developing a chart for each set. Then, 
have the groups compare and contrast the charts from all of the stations. 

# Have each group member choose 5 items that share the same characteristics. 
Have others in the group identify which characteristics the items have in common. 
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Problem-solving strategies are critical to any instruction aimed at improving real-life 
math skills. By using the learning activities in Fun with Math, you are giving students 
opportunities to develop their math problem-solving skills. 

The ideas listed below should help you to provide students with additional 
opportunities for developing their problem-solving skills: 

0 Many commercial games require players to use problem-solving skills, including 
deductive reasoning, categorizing, visual discrimination, and/or calculating. Some 
games are listed below to help you get started. Several games on the list may not 
be available from local retailers. However, suppliers of instructional math materials, 
such as William Sheridan and Associates, which is listed in the Supplier section of 
Appendix B, pp. 408-417, should carry them. 



Abalone® 


Mastermind® for Kids 


Architek Came® 


Mancala 


Backgammon 


Othello® 


Battleship® 


Quarto® 


Block by Block® 


Quick Chess 


Checkers 


Rummikub® 


Chess 


My First Rummikub® 


Chinese Checkers 


Sequence® 


ConFIGURE® 


Shape by Shape® 


Connect Four® 


Take 6® 


Connections® 


Tangoes® 


Continuo® 


Tangrams® 


Duo® 


Traverse® 


Izzi® and Izzi 2® 


TriOminoes® 


Logix® 





° Start several classes a week with a brain teaser. Refer to books such as Brain 
Teasers! (grades 1 -6), Favorite Problems, and Super Problems or game card packs 
such as TOPS Communication Cards and Visual Brain Storms 1 and 2® 4 for ready- 
to-use activities. (Information about these and other books is provided in 
Appendix B.) 



4 Visual Brain Storms: The Smart Thinking Game® and Visual Brain Storms 2® are distributed by 
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0 Start several classes a week with a math energizer like the one below: 5 

1 . Pick a number from 1 to 9. 

2. Subtract 5. 

3. Multiply by 3. 

4. Square the number (or multiply the number by the same number). 

5. Add the digits until you have a single digit (e.g., 64 = 6 + 4 = 10 = 1 

+ 0 = 1 ). 

6. If the number is less than 5, add 5. If it is more than 5, subtract 4. 

7. Multiply by 2. 

8. Subtract 6. 

9. Map the digit into a letter in the alphabet (i.e., 1 = A, 2 = B, and so 
forth). 

10. Pick a name of a country that begins with that letter. 

11 . Take the second letter in the country name and think of a rriammal that 
begins with that letter. 

12. Think of the color of that mammal. 

13. Now share the color, name of the mammal, and country it is from with 
your neighbor. 

14. What did you discover? Can you explain what happened? 

(Solution: Each learner will have the same answer — an elephant from 
Denmark) 

° Have students solve real-life, hands-on problems. Project-based learning 
activities are an extremely effective strategy for teaching real-life problem solving. 
Note that these activities may require students to work with one another — in the 
same way that they would in the workplace. And projects involve the integration of 
several subject areas (i.e., math, science, social studies, communication), which 
resembles real-world problem solving. In addition, students are required to figure 
out what information, materials, and tools they need. Your role as a teacher is to 
facilitate learning — not to tell students what to do and how to do it. (Refer to pp. 
7-10 for suggestions about being a resource for students, leading discussions, and 
asking open-ended questions.) Examples of projects include the following: 

/ Have students calculate the area of classroom walls or floors to determine the 

amount of carpeting or wallpaper that would be needed to cover the surface. 

Then, have them determine the quantity of materials that should be purchased 

to complete the job. The activity can be made more complex by having them 

determine time and cost factors, and calculating the cost per unit. 

5 This problem was taken from the Internet (oj.igjpal source unknown). 
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/ Have students design and build something from wood and nails (e.g., a bat 
house, bird house). In addition to calculating dimensions and measuring 
angles, they should determine the amount of materials needed and calculate 
construction costs. 

/ Have students operate a store. They should order materials, keep track of 
inventory, and calculate costs. 

/ Have students prepare and distribute a meal for the class. (Chili or soup 
would be a good choice.) They should determine quantities of ingredients 
needed to prepare each dish, calculate the amount of tableware needed, and 
figure out the per-person cost of the meal. Recipes can also be increased 
and/or decreased to feed a specified number of people. 

/ Challenge students to design and build a model of a putt-putt hole. 

/ Develop a “camping” experience that includes: 

° Pitching tents, then measuring angles, perimeters, areas, and volumes. 

° Stacking firewood, then identifying patterns. 

° Identifying patterns found in nature. 

° Answering real-life questions, such as: 

f How many stones are needed to surround the fire circle? 

? How many air mattresses (or sleeping bags) will fit in each tent? 

Project-based learning activities can also help teachers by providing an effective way 
to assess a student’s ability to apply mathematical principles to real-life situations. 
For example, a teacher may challenge a group of students to solve a real-life 
problem. The teacher might then make and note observations during the problem- 
solving process and/or may use a rubric to evaluate students' skills in mathematical 
problem solving. Assessment is discussed in more detail on pp. 28-36, including a 
sample rubric. 
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Cooperative/ collaborative learning is an instructional method that gives students 
opportunities to work interdependently to accomplish an academic goal, while still 
being held individually accountable for learning. There are many benefits to this 
style of instruction, including the following: 

° Students take responsibility for their own learning. 

° Students learn to combine their critical thinking skills to solve problems, resulting in 
less dependence on the teacher and increased student-centered learning. 

° Students develop leadership skills. 

° Students learn and develop social skills. 

° Students learn to share responsibility. 

° Students experience enhanced self-esteem. 

° Students build trust in others. 

Cooperative/collaborative learning groups can be made up of pairs or small numbers of 
students heterogeneously grouped. Here are suggestions for structuring cooperative 
learning activities: 



Hint: Some 
teachers have 
students develop 
job descriptions 
for each role. 

2 . Define the skills students should practice (e.g., talking quietly, listening, staying on 
task). 

3. Present a task or activity, and give directions and guidelines to each group. 

4. While students are working collaboratively, monitor and assess group and 
individual behaviors. 

5. After the tasks are completed, instruct group members to evaluate their group’s 
progress, and their performance 'as^team members. 





1 . Assign each group member a specific role (e.g., reporter, recorder, leader, materials 
monitor) and specify the responsibilities of each role. Students may have more 
than one role, depending on the number of students in each group and the number 
of roles required. 







Some effective cooperative/ collaborative learning strategies 

The following strategies can help you implement collaborative learning: 



Hint: This method 
is helpful for 
sharing how a 
math problem was 
solved or which 
homework 
problem was most 
difficult and why. 



° Think-Pair-Share: A problem is posed. The students think alone about the 
question for a specified amount of time, then form pairs to discuss the question. 
During share time, teammates are called upon to share the answer with the class. 

° Three-Step Interview: This strategy works best with groups of 4 students, but can 
be used with larger or smaller groups. Students form pairs within their groups. One 
member in each pair is the interviewer and the other the interviewee. After 
interviewing, the pairs reverse roles and complete the interview again. Then, the 
pairs take turns sharing what they learned in their interviews with the other members 
of their team. 

° Rallytable: Students work in pairs within groups of 4. They pass a sheet of paper 
back and forth, recording answers to a problem that has many answers. When time 
is called, the pairs compare their answers within their groups. 



° Send-A-Problem: Each student on a team makes up a review problem and writes it 
down on a flash card. The author of each question asks it of his team members. If 
there is consensus, the author writes the answer on the back of the card. If not, the 
question is revised so it produces consensus. The question side of the card is 
marked with a “Q,” and the answer.side of the card is marked with an “A.” Each 
team passes its stack of review problems to another team. One student reads the 
first problem to the team, who attempts to answer it. If team members have 
consensus, they turn the card over to see if they agreed with the sending team. If 
not, they add their answer to the answer side of the card. Each question is handled 
in this way, then the stack of cards can be passed on to other teams. When the 
cards are finally returned to the authoring team, the team members can discuss and 
clarify the questions and answers based on the alternative answers recorded by 
other teams. 




° Co-op Jigsaw 1 — Experts Report: Each student becomes an “expert” for an 
assigned topic. Each expert meets with experts on the same topic from other teams 
to learn basic principles and information. Each group of experts makes a 
presentation to the class. When students return to their teams, the varied experts 
combine their information to create a group product. Example: 



/ Topic: measurement 

/ Team topics: a baseball, a golf ball, a brick, an eraser 
/ Expert topics: height, weight, volume, shape 









Each expert team presents information about its measurement topic to the class. 
Then, experts return to their groups to combine their measurement knowledge in 
completing an assignment regarding their object (e.g., baseball, golf ball, brick, 
eraser). 

° Co-op Jigsaw 2 — Team Reports: This strategy is similar to Co-op Jigsaw 1 , except 
experts do not report to the class. Instead, teams report to the class, each on a 
different topic. The assigned experts from each group meet to learn basic principles 
and information, then return to their teams and apply those principles and 
information to a specific problem. When team projects are complete, each team 
presents its project to the class. Example: 

/ Topic: measurement 

/ Team topics: a baseball, a golf ball, a brick, an eraser 

/ Expert topics: height, weight, volume, shape 

After students learn their respective measurement skills in their expert groups, each 
expert teaches his/her teammates the measurement skills learned. Then, teammates 
apply those skills to their group’s object (e.g., baseball, golf ball, brick, eraser) and 
complete an assigned project together. Finally, each team reports to the class. 
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An often-overlooked aspect of instruction is equity — providing instructional 
opportunities that will help all students succeed. It is especially important for teachers 
to consider equity when planning lessons related to math, science, and technology skills 
because these subject areas are especially vulnerable to unconscious biases that impact 
the quality of education provided to some student groups (e.g., females, socially- 
disadvantaged students, differently abled students). In this section, we’ll use male- 
female equity for illustration purposes, but the principles and techniques discussed can 
be applied successfully in any situation to ensure equity in instruction for all students. 

When it comes to math, science, and technology, many girls do not have the same types 
of experiences, both in and out of school, as boys. As a result, boys and girls have 
traditionally received differing qualities of education — even when they study in the 
same classroom. It’s possible that you are skeptical about this — especially if you are 
male. Please don’t stop reading; the information provided in this section will help you 
quickly and easily check it out for yourself. 

Discovering ymconscioys biases 

Researchers 6 have found the following inequities in the way that boys and girls are 
treated in school: 

° At all grade levels, girls receive less teacher attention and less useful teacher 
feedback than boys do. 

/ Teachers call on girls less often than they call on boys. 

/ Teachers ask probing and higher-order thinking questions of girls less 
often than they do of boys. 

/ Teachers often instruct boys on how to perform tasks but tend 
to do tasks for girls. 

/ Teachers tend to give less feedback (e.g., praise, criticism) to girls than 
they do boys. 



6 Myra and David Sadker have done the mdst comprehensive research on the topic of gender equity. 
Their findings are published in Failing at Fairness: How America’s Schools Cheat Girls (1994). 
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° In class, girls talk significantly less than boys do. 

/ In elementary and secondary school, girls are eight times less likely to call 
out comments. When they do, they are often reminded to raise their 
hands, while similar behavior by boys is accepted. 

/ Girls are less likely to raise their hands because they are aware that boys 
get called on more, they may take longer than boys to think about their 
responses before raising their hands, and they may not have confidence in 
their ability to answer correctly. 

° When working in coed pairs, boys tend to dominate in math, science, and 
technology-related activities, which results in girls having fewer opportunities to 
experience hands-on learning in these areas. 

° Girls rarely see women’s contributions to math, science, and technology 

mentioned in the curriculum. Most textbooks continue to report only male 
contributions and may still contain pictures of males actively doing things while 
females passively watch and support them. 

° Girls experience pressure from their friends to not do well in science, math, and 
technology-related classes; they may be teased for being “nerdy" or unfeminine if 
they try to do well. 

Outside the classroom, most girls have not received opportunities to work with tools or 
mechanical systems. Girls don’t have as many toys that encourage them to build, 
explore, or tinker. For example, girls do not generally build with LEGOs® or fix their own 
bicycles. And as in school, adults tend to instruct boys on how to perform tasks but 
tend to do tasks for girls. As a result, many girls have not developed the foundational 
skills needed to succeed in many real-world problem-solving situations. 

This subconscious inequity has far-reaching consequences. Because girls have had fewer 
opportunities to develop mechanical skills than boys, they are often less prepared for 
and less likely to take courses in math, science, and technology. In addition, it is clear 
from the research that those girls who do take upper-level math and science courses are 
treated very differently than their male classmates, causing many to stop taking them. 
Taking fewer of these courses has resulted in fewer high-paying occupational options for 
female workers. 
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Strategies for overcoming biases 

What can teachers do to help all students receive equitable, high-quality educational 
experiences in math and science? The following list provides some ideas. 

° The most important thing you can do, as a male or female teacher, is to be aware of 
your subconscious biases and to accept that virtually everyone has been socialized 
to have biases. (If you don’t believe that you treat some students differently — boys 
and girls for example — ask a colleague to observe you in the classroom or make a 
videotape of your teaching to determine whether or not you provide girls with less 
attention and different expectations than you do boys.) 

° Make a conscious effort to provide girls and boys with equal amounts of 
attention and encouragement. Transfer this conscious effort to any other student 
groups that may be receiving less attention. 

° Create an atmosphere that fosters girls’ participation. Because girls are 
generally more shy than boys about speaking in public, you can make it more likely 
that girls will express themselves by making small changes in your own behavior. For 
example, when asking questions in coed settings, make a conscious effort to wait 
5-10 seconds before calling on anyone. You’ll be surprised at the number of timid 
hands that go up in those few seconds of wait time. Or, if only V3 of the students 
have their hands up after you ask a question, you might want to say, “Think about it 
and talk with the person sitting next to you. I’ll ask again in a few minutes.” This 
technique is an especially easy and effective way to level the playing field for all 
students. 

° Pay attention to group dynamics — who speaks, how often, for how long, in what 
order, and who interrupts whom. Actively facilitate discussions in ways that give all 
students a chance to participate. For example, since girls tend to speak less often 
and for shorter periods of time than boys do, be sure to acknowledge their 
contributions. 

° Don’t “teach down” to any students. Expect equally high performances from boys 
and girls and from people of all races, national origins, and abilities. For example, 
avoid the assumption that a girl cannot use tools or analyze complicated systems. 

° Involve girls in construction and manipulation of equipment and the use of 
tools. They may not have had these types of experiences in the past. For example, 
many girls have not had opportunities to use pliers, pipe wrenches, handsaws, 
electric drills, ratchet sets, ohmrifetlrs, micrometers, gauges, or bench vises. 

Teachers should provide opportunities for them to learn these skills. Socially 



ERIC 




A 









disadvantaged and differently abled students often have not been given these types 
of experiences either, so be sure to include them in such activities. 

° Provide girls and other student groups with additional instruction or practice, 
when needed. 

° Use a collaborative, cooperative approach to activities rather than a competitive 
one. 

° Use interactive methods. Have students do some of their work in small groups. 
Girls tend to be more effective when they can share their ideas with others. Note: In 
the beginning, provide additional facilitation for groups that contain girls and other 
student groups to encourage their participation. Most students tend to change 
their interactions with others very quickly once they see different methods modeled 
by an adult, because their unconscious biases are still pliable and they instinctively 
desire to include others. Therefore, additional facilitation will become unnecessary 
within a short time. 

° To prevent boys from dominating activities in which they have more skill and 
experience, pair girls with girls and boys with boys some of the time. Making 
careful pairing choices works well with other student groups too. 

° Foster students’ independence. For example, hold girls accountable when they 
engage in “learned helpless” behavior. If they say, “I can't do it” before exerting 
effort, find ways to re-engage them in the activity. Show faith in all students' 
abilities to do things for themselves. 

° Use more than one method of assessing student achievement. For instance, do 
assessments using multiple-choice tests and model building (at which boys tend to 
perform better) as well as essay tests, projects, and reports (at which girls tend to 
perform better). 

Don’t let this long list overwhelm you! Just pick one strategy, try it for a week or two, 
then try another one. Your efforts will surely pay off for all of your students. 





} 



##+##### 




Assessment is a key component of successful math instruction. Measuring students’ 
understanding of math content and processes before, during, and after instruction is 
critical to ensuring that future instruction meets students’ needs, and that your learning 
goals are being met. 

Assessments that give teachers insights into students' thinking and the development of 
students’ conceptual growth are the most valuable. In addition to helping teachers 
assess student learning, they help teachers decide in what experiences to engage 
students next. 

Whenever planning assessment, teachers should ask these questions: 

? Who is being assessed? 

? Why am I assessing? 

? What am I assessing? 

? How am I going to assess? 

The concept map on the following page identifies many aspects involved in planning for 
effective assessment. 
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Assessment strategies 

Assessment strategies can vary — depending on the age and skill levels of the students 
and instructional style of the teacher. Many assessment methods are effective, including 
the following: 

° Students can better assimilate what they learn by journaling. Through journaling, 
they reflect upon the process by which they explored math principles, made 
generalizations, and came to conclusions about what they experienced. In addition, 
journal entries help students apply what they’ve learned to their daily lives at home, 
at school, and in the community. Teachers who encourage their students to write 
about their mathematical procedures, strategies, and techniques send the message 
that the student’s thinking skills are just as valuable as the correct answer. 

° Student and teacher portfolios allow both students and teachers to select and save 
materials that show students’ progress over time. Portfolios can contain required 
pieces, individually selected pieces, and unit projects. Two important parts of this 
assessment are a chart of growth (or progress chart) and an explanation of why each 
item is included. 

° Student presentations, during which individuals or teams of students present their 
findings and conclusions to others, help students develop a variety of real-world 
skills (e.g., communication, critical thinking, collaboration). When teachers facilitate 
discussions after such presentations, students learn to listen to feedback and how to 
apply it to their conclusions, revising them if needed. (See the strategies for such 
discussions in the Teaching Through Inquiry section, pp. 5-10.) 

° Student interviews or conferences with a teacher allow them to describe their 
understanding of what they learned and to make applications to everyday life. 

° Quizzes can check students’ knowledge of mathematical concepts. Note: Paper- 
and-pencil tests rarely assess students’ abilities to employ process skills. 

° Rubrics are especially helpful in evaluating students’ work on design projects, which 
allow them to apply mathematical principles to real-world situations. Rubrics can 
help organize thinking about assessment and guide your observations and recording. 
See sample rubrics on pp. 35-36. Note: Rubrics are best used in conjunction with 
other types of assessment. 







° Teacher observation of students as they solve problems gives teachers a view into 
students’ thinking processes. For example, teachers can assess students’ abilities to 
use process skills and apply content-area knowledge by observing students as they 
complete the learning activities in Fun with Math. The sample Observation Sheet on 
pp. 32-34 can be used for this purpose. 

The Observation Sheet is designed for teachers to record a student’s: 

/ Content-area knowledge. 

/ Ability to employ problem-solving strategies. 

/ Ability to employ process skills. 

/ Overall attitudes and skills. 

This assessment tool can be used effectively in the classroom to: 

/ Guide the teacher’s observation of specific skills as they relate to a content 
area. 

/ Document each student’s progress. 

/ Measure the amount of progress by comparing each student’s work to his or 
her previous work. 

This formal observation strategy results in a complete and detailed written 
assessment of each student’s individual progress that can be used for grading and 
for planning future instruction. These sheets can also be useful in organizing 
homogeneous or heterogeneous groups for small group instruction. 
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Destructions: 

1 . Make one copy of this sheet for each student being assessed. 

2. Label each sheet with the student's name and the unit or content topic name. 

3. Choose the outcomes you wish to assess. Mark targeted process skills, write in problem-solving skills, and identify 
general observation questions. 

4. Observe students during math problem-solving activities — before, during, and after a unit instruction — and record 
observations. (Hint: Using a different color of ink to record the data for each observation date will make comparisons 
easier.) 

Reminder: Be sure to record the observation date. 



Student Name 




Unit/Content 


Before 


During 


After 


(date) 


(date) 


(date) 



Process Skills 


Completes 

Independently 


Completes with 
Assistance 


Cannot Complete 


Building models: Constructing a representation of a system that is based on observations and 
inferences. 








Categorizing or classifying: Arranging objects or systems into categories based on shared 
characteristics. Can also refer to labeling objects or systems based on unique characteristics or 
some other specified criteria. 








Communicating: Conveying information (e.g., insights, explanations, results of observations or 
inferences, measurements) to others. Communication methods might include verbal, pictorial, 
graphic, or symbolic presentations. 








Comparing: Relating one thing to another in order to identify similarities and differences. 








Controlling variables: Holding all variables constant that impact an experiment or situation, 
except one variable whose influence is being investigated in order to evaluate changes in the others 








Experimenting: Testing a hypothesis through information gathering. 








Hypothesizing: Forming precise questions to be tested scientifically. Formal hypotheses are 
stated so that each explanation may be tested and, based qpon the results of those tests, 
accepted or denied. & 








Inferring: Suggesting explanations, reasons, or causes for observed events. a ^ 
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Observation Sheet, Page 2 
Process Skills 


Completes 

Independently 


Completes with 
Assistance 


Cannot Complete 


Interpreting data: Studying data, then summarizing its implications in the context of a scientific 
investigation. Familiar language should be used to describe the significance or meaning of data 
and observations. 








Measuring: Using instruments to define objects or systems quantitatively, either as compared 
with others or as compared with a standard. Measuring includes the monitoring of changes in size, 
shape, position, and other properties. 








Observing: Using the senses and extensions of the senses to closely examine or monitor a system, 
noting and recording aspects that are not usually apparent under casual scrutiny. 








Ordering: Using observed characteristics to organize objects or systems in a sequence. 








Predicting: Forecasting a future observation or the next occurrence in a system or series of 
events based on prior observations and inferences. 








Reasoning: Making judgements based on observations, knowledge, and experiences. Usually 
involves making inferences and drawing conclusions. 








Recognizing relationships: Interpreting interactions between different components of a system. 








Recording: Creating a written record of observations made during experimentation. 








Problem-Solving Skill: 








Problem-Solving Skill: 








Problem-Solving Skill: 








Problem-Solving Skill: 








Math Skill: 








Math Skill: 








Math Skill: 








Math Skill: 








Math Skill: 
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How did the student participate with teammates? 



Did the student assume a role in the group? What role? 



What did the student do? 



What did the student have problems with? 



What did the student do when difficulties were encountered? 



If there is a product, does it meet the parameters outlined in the problem? 
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Adapted from Special Delivery: Putting Math to Work (1998) by Bob Krech. NY: Cuisenaire of America. 














Effective Instructional Strategies for 
Teaching Real-Life Math Problem Solving 
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We frequently encounter math-related problems in our daily activities — from the kitchen 


to sports to the bank to the grocery store. 


Math problem-solving situations are all 


around us. However, in many cases, the real-life problems we encounter differ from 
those found in textbooks, as illustrated in the comparisons below. 


Textbook Math Problems 


Real-Life Math Problems 




Problems usually require only one step. 


Problems usually require more than one 
step. 




Problems usually require only one 


Problems often require more than one 




operation (i.e., +, -, x, +). 


operation, which the problem-solver 
must identify. 




There is usually only one right answer, 


Multiple solution possibilities exist. 




and one suggested way to solve a 


Choosing the best solution often 




problem. 


requires a judgment call. 




All needed information is provided, and 


Some information is missing or extra 




is presented in the order in which it is 


information is provided but not needed 




needed. 


to reach a solution. 




Answers are usually even 


Answers are often uneven 




(e.g., whole numbers). 


(e.g., fractions, decimals). 
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Steps for effective 



math 



problem solving 



When participating in inquiry-based learning situations, students need to employ the 
problem-solving process. The steps in the mathematical problem-solving process are 
separate, yet interrelated. They are: 

1 . Understand the problem by answering, “What is the question?” 

2. Find the facts needed to solve the problem. 

3. Design and implement a solution strategy, taking into account the alternatives and 
given conditions. 

4. Evaluate the results for reasonableness. 

Each step is described in this section. 

1 . Understand the problem by answering, “What is the question?" 

To successfully develop real-life problem-solving skills, students must understand — 
in detail — the problems with which they are confronted. Useful techniques for 
helping students understand the conditions and facts related to a given problem 
include the following: 

° If students encounter unfamiliar math terms, have them learn their 
meanings. (Refer to the lists of math vocabulary and definitions in 
Appendix C, pp. 418-421 , for suggestions.) 

° Teach students to restate the problem in their own words. 

(Hint: Consistently modeling this technique is one of the most effective ways to 
help students learn to use it.) 

° Have students look for key words, paying attention to context. 

Note: It may be helpful to instruct students to underline such words. 

2. Find the facts needed to solve the problem. This involves: 

° Identifying the key facts by teaching students to list the given 
information, including limitations or criteria. 

° Identifying the facts that aren't needed by teaching students to 
cross out any unnecessary information. 
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3. Design and implement a solution strategy, taking into account the alternatives 
and given conditions. 

a. Teach and/or model effective solution designs by doing some or all of the 
following with your class: 

° Suggest that students think of a similar problem that they’ve solved 
before and apply that experience to the current problem. 

° When completing a problem as a class, draw a chart, graph, diagram, or 
model that includes the information presented in the problem. Have 
students do the same; group activities and journal assignments are 
especially good opportunities to use this technique. 

° Use manipulatives or dramatize the problem during class discussions. 
Again, give students opportunities to practice the same techniques. 

b. Teach students to use some or all of the following strategies when they 
solve mathematical problems. 

° Work backwards. 

° Simplify the problem (e.g., reduce the level of complexity, use smaller 
numbers). 

° Break it into smaller problems. 

° Think of a similar problem. 

° Translate the problem directly into mathematical symbols. 

° Conduct an experiment, being sure to keep accurate records. 

° Design a physical model. 

° Make a sketch or diagram. 

° Act out the problem. 

° Use manipulatives. 

° Collect data and organize it into a table. 

° Construct a graph or make a tally. 

° Use grids or arrays. 

° Look for a pattefn. 
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° Close your eyes and visualize part or all of the problem 

° Use deductive reasoning to eliminate solutions that are impossible or 
unrealistic. 

° Develop a general rule. 

° Use a trial-and-error method (sometimes called guesstimating or guess 
and check). 

c. Be sure to emphasize and reinforce the importance of reflecting upon and 
adjusting strategies throughout the problem-solving process. Students 
must grasp the fact that as they learn more about the problem, they can add 
elements to the solution strategy. They should also be encouraged to select 
another solution path if their chosen strategy fails. 

4. Evaluate the Results for Reasonableness 

Students should examine their problem solutions for accuracy. You can help them 
practice this step by encouraging them to ask themselves questions like: 

*? Does the solution make sense? 

*? Did I use the correct units? 

*? Are there possible answers I didn’t consider?" 

? Is it practical, considering the context of the problem? 

These questions can often be answered using strategies of estimation or 
approximation. 

If new information is found during this stage, students should use that information 
to refine their results, redoing previous steps if needed. In addition, students 
should be encouraged to reflect upon problems that have been or could be solved 
with similar strategies during this step. 

The best way to teach students about the problem-solving process is to help them 
experience it and then reflect upon it. Fun with Math was developed to give you a 
variety of math problem-solving activities that encourage hands-on learning experiences 
and student reflection. As you use this resource, look for ways to integrate its 
instructional strategies for real-world problem solving into your favorite math lessons. 
Also, Appendix B lists other resources that can help students develop their mathematical 
problem-solving skills. ^ 2j 
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Strand I: Patterns, Relations, and Functions 



Learning Activities Page 

Did Someone Say, "Patterns”? 43 

Patterns, Patterns 47 

Rubber Band Enlargements 51 

Double Equals Quadruple 60 

Double Exposure! 66 

Will the Flowers Crow? 71 
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Students will use color patterns to learn about number patterns, then practice finding 
the missing number(s) in various number patterns. 



O Building models 
O Categorizing or classifying 
O Communicating 
O Comparing 
O Controlling variables 
O Experimenting 
O Hypothesizing 
O Inferring 



O Interpreting data 
O Measuring 
O Observing 
O Ordering 
O Predicting 
O Reasoning 

O Recognizing relationships 
O Recording 



Ohio mathematics proficiency strain d(s) 



ip mo vo vii o 
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Note: The primary strand is marked with a “P” and each related strand is marked with an “X.” 



4 th -grade outcomes 



o 


1 


O 


2 


O 


3 


O 


4 


O 


5 


O 


6 


O 


7 


O 


00 


O 


9 


O 


10 


o 


11 


o 


12 


O 


13 


O 


14 


o 


15 


o 


16 


o 


17 


o 


18 


O 


19 


o 


20 


o 


21 


o 


22 


o 


23 


o 


24 


o 


25 


































-C 

-M 

vo 


-grade 


outcomes 


































o 


1 


o 


2 


o 


3 


o 


4 


o 


5 


o 


6 


o 


7 


O 


8 


o 


9 


o 


10 


o 


11 


o 


12 


o 


13 


o 


14 


o 


15 


o 


16 


o 


17 


o 


18 


O 


19 


o 


20 


o 


21 


o 


22 


o 


23 


o 


24 






































9th_ 


-grade 


outcomes 


































o 


1 


o 


2 


o 


3 


o 


4 


o 


5 


o 


6 


o 


7 


O 


8 


o 


9 


o 


10 


o 


11 



O 12 O 13 O 14 O 15 O 16 

Refer to Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes. 
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Materials 

> A patchwork quilt (Use an actual quilt, a photograph, or a magazine.) 

> Rainbow centimeter cubes or paper squares in various colors (a set of 20 for each 
student) 

> Paper and pencils 

> Overhead projector (optional) 

Engagement activity 

Ask students if they are familiar with patchwork quilts. Display a patchwork quilt and 
help students identify the patterns in the design. Discuss the possible steps needed to 
design the quilt, pointing out how repetition (following the pattern over and over) 
helps in designing a quilt. 

Exploration activity, 

1 . Distribute cubes or squares to student pairs. Instruct each student to create a 
pattern using 10 cubes or squares. 

2. Have each partner study the other’s pattern and continue it with 10 more cubes or 
squares. Note: Let students move around the room to observe other students’ 
patterns. 

3. Help students explain how they used repetition in both creating and continuing 
their patterns. 

4. Explain to students that patterns are used in math too. Use skip counting (e.g., by 
2, 3, 5) as an example, asking if anyone can explain the concept of skip counting. 

5. Write the numbers 1,3,4, 6, 7, 9 on the board or an overhead transparency. 
Facilitate a discussion of this number pattern with these and other questions: 

f What 2 numbers come next? Note: Have students write them on their papers. 

? Can anyone describe the pattern in this sequence? 

6. Repeat step 5, using these numbers: 15, 13, 12, 10, 9, 7. 
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7. Ask 2 student volunteers to display and explain 2 additional number patterns. 

Have the first student use addition and the second use subtraction. 

8. Display simple number patterns using multiplication and division, asking students to 
describe each pattern and continue it on their papers. 

9. Display the following sequence: 4, 9, , 19, 24. Have each student copy the 

sequence on a clean sheet of paper. 

10. In their student pairs, have them discuss the pattern and determine the missing 
number. 

11 . Provide additional sequences with 1 or more missing numbers. Let students repeat 
steps 9 and 10 for practice. 

Evaluation 

Review the papers students completed during the exploration activity. 

Journal assignment 

Have students write about how patterns are important in our daily lives. 

Extension activity 

# Prepare a worksheet of picture or color patterns for students to complete. 

Connections to other subjects 

Art. Have students design a quilt or wall hanging that includes a pattern. 

Music. Instruct students to find examples of patterns in musical selections of their 

choice, then play them for the class via their own instruments or a tape recording. 

Social Studies. Discuss with students that time lines are written in sequence, then 

demonstrate a few. Let students create their own sequential time lines, giving extra 

points for creativity. 



Language Arts. 

° Point out patterns in poetry to students. Have them compose poems that contain 
patterns. 




Hint: You can 
have students 
write number 
sequences and 
have classmates 
solve them. 
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° Use books from the following list for book reports, class discussions, and similar 
language arts activities. 

£Q Frog Math Power — Level C by Mary Jo Hand (Frog Publications, 1997) 

(Came no. 16) 

£Bl Mad Math by Sue Macy (Scholastic, Inc., 1987) (p. 35) 

C-Home cooTHnectiiooTis 

Have students look for patterns in their homes (e.g., bedding, wallpaper, decorations). 

Instruct them to sketch the patterns they find. Use the sketches for a school display. 

[Resources for teachers 

Patchwork Math 2 by Debra Baycura (Scholastic, Inc., 1990) 

Big Book of Everything — Fifth Grade by Mel Fuller (instructional Fair, 1995) (pp.103-105) 

Everyday Math — Grades 4-6 by Marge Lindskog (Frank Schaffer Publications, Inc., 1996) 
(pp. 13, 67, 71 , 80) 

Hundreds of Board Activities by Marilyn Preddy (Carson-Dellosa Publications, 1995) (pp. 
38-43) 

Mathematics Problem Solving Activities by W.G. Quast and Robert Willcutt (Houghton 
Mifflin Company, 1978) (pp. 34-37) 

Math Activities by Robyn Silbey (Frank Schaffer Publications, Inc., 1996) (p. 16) 

The Intermediate Mailbox , The Education Center, Inc., Greensboro, NC, 
August/September 1994-95 (pp. 36-42) 
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Students will practice identifying patterns in a variety of situations, then apply what they 
discover to several types of number patterns, including the n th number. 



O Building models 
O Categorizing or classifying 
O Communicating 
O Comparing 
O Controlling variables 
O Experimenting 
O Hypothesizing 
O Inferring 



O Interpreting data 
O Measuring 
O Observing 
O Ordering 
O Predicting 
O Reasoning 

O Recognizing relationships 
O Recording 



IP IIIO VO VII O 

II O IV O VI O VIII O 

Note: The primary strand is marked with a “P” and each related strand is marked with an “X." 



4 th -grade outcomes 



O 1 0 2 0 3 


O 4 


O S 


O 6 


O 7 


O 8 


O 9 


O 10 


O 11 


O 12 O 13 O 14 
0 23 0 24 O 25 


O 15 


O 16 


O 17 


O 18 


O 19 


O 20 


O 21 


O 22 


6 th -grade outcomes 


















O 1 0 2 0 3 


04 


O S 


O 6 


O 7 


O 8 


O 9 


O 10 


O 11 


O 12 O 13 O 14 
0 23 0 24 


O IS 


O 16 


O 17 


O 18 


O 19 


O 20 


O 21 


O 22 


9 th -grade outcomes 


















O 1 02 03 


O 4 


O S 


O 6 


O 7 


O 8 


O 9 


O 10 


O 11 



0 12 0 13 0 14 O IS 0 16 gQ 

9 ' 

Refer to Appendix D, pp. 422-427, for a detailed listing^of the proficiency outcomes. 
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Materials 

> A variety of buttons (or colored bingo chips, beans, magic markers, or similar 
objects) 

Eogagenmeinit activities 

1 . Use the buttons to create a sample pattern on poster board. Have students 
identify the pattern. Example: 4 blue buttons, 2 red buttons, 1 black button, 4 
blue buttons, 2 red buttons. What comes next? 

2. Play a name game. Begin by telling the students, “We’re going on a class trip. I will 
bring potato chips and hamburgers. My name is Pat Handelman.” Instruct each 
student to tell everyone what he or she would like to bring for the picnic. As 
students respond, tell those students who follow the pattern that they may go to 
the picnic and tell those who do not follow the pattern that they must stay behind. 
Note: Generally, all students will recognize the pattern after a few rounds. (Hint: 
Adapt this activity for younger students by using first names only.) 

3. Tell students that patterns can be found all around us. Have them look around the 
room and/or school building and identify patterns (e.g., window pattern, door 
pattern). 

4. Organize some students into a pattern in front of the class. Ask students to 
identify the pattern. Example: 2 boys with brown hair, 1 girl with black hair, 1 girl 
with red hair, 2 boys with brown hair. Who would fit into this pattern next? 



1 . Give students a variety of buttons. Have each student create a pattern, then work 
in pairs to identify each other's patterns. 

2. Switch from buttons to numbers. Write a number pattern on the board and have 
students identify it. Examples: 

° 1 , 2, 3, 4, 5, 6. What's the next number? 

° 101 , 103, 105, 107. What’s the next number?. 

3. Create more advanced number patterns, leaving out a number in the middle. Have 

students identify the missing number. Example: 7, 9, 11 , , 15, 17. What’s the 

missing number? 
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4. Have students create charts in which they identify a pattern, then project to the n th 
number. Example: 1,3,5, 7, 9. The n th term would be 2n - 1 . 



n. 

1 

2 

3_ 

A 



_? 

_ 1 . 

_3 

_5 

_Z 

_9 



Students should be able to recognize simple patterns, such as numbers increasing by 1 , 
2, or 3. Example: 1 , 2, 3, 4, 5, 6. What’s the next number? In addition, students 
should be able to identify the pattern and write simple equations for finding the n th 
term. 



Have students create patterns for their classmates to solve. Then, instruct students to 
explain the patterns they solve in their own words. Example: 102, 106, 104, 110. The 
pattern for this problem is +4, -2. 

Journal assignment 

Have students explain some of the strategies they can use to determine patterns. Then, 
tell students to write an example of a numerical pattern. 

Extemisiomi activities 

# Have students order events from a story (i.e., what happened first, second, third, 
and so forth). 

# Give students more advanced number patterns and let them practice identifying the 
pattern and the n th number. Example: 1 , 5, 7, 9, 1 , 5, 7, 9, 1 , 5. Identify the 21 st 
number. Answer: Students should recognize that the pattern has 4 numbers, so 
they need to divide 21 by 4. They get 5 and 1 left over. Therefore, the 21 st 
number will be 1 (the first number in the series). 
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=0= Repeat the previous extension activity, but instruct students to find the 27 th 

number. Answer: Divide 27 by 4 to get 6 and 3 left over. The 27 th number will be 
7 (the third number in the series). 

ft Assign inductive and deductive reasoning problems. [Problems are available in 
Math Mindbenders, Deductive Reasoning in Mathematics by Anita Harnadek (Midwest 
Publications, 1989).] 

ft Have students look for patterns in each of their other classes, and make a list to 
display in the Math room. 



Have students list patterns found in their homes. Make a class list to display in the 
classroom. 

Resources for teachers 

Mathercise by Michael Serra (Key Curriculum Press, 1992) 

Strategies for Math Problem Solving by Mosenfelder & Kaplan (Educational Design Inc., 
1996) 

Super Solvers Outnumbered! by The Learning Company (computer software for students) 
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Afooyt this learning activity 

Students will lengthen the sides of several shapes, then measure the impact of the 
change on the area of each shape. 



O Building models 


O Interpreting data 


O Categorizing or classifying 


O Measuring 


O Communicating 


O Observing 


O Comparing 


O Ordering 


O Controlling variables 


O Predicting 


O Experimenting 


O Reasoning 


O Hypothesizing 


O Recognizing relationships 


O Inferring 


O Recording 


Ohio mathematics proficiency 


strand(s) 
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VI o 



VII o 

VIII o 



Note: The primary strand is marked with a “P” and each related strand is marked with an “X.” 
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Refer to Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes. 
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Materials 

> Small rubber bands (1 pair per student; each pair must be the same size.) 

> Rulers 

> Scissors 

> Pencils 

> Tape 

> Enlargement Worksheets 1 through 4 



This learning activity does not require an engagement activity. 




Hint: Try this activity yourself before working with the students so that you can coach them 
through any difficulties. You may wish to demonstrate the procedures on an overhead, using 
Worksheet 7 , then allow students to practice with Worksheets 2 through 4. 



1 . Instruct the students to tie together the 2 rubber 
bands to make a shape similar to a figure 8 (see 
illustration). 



2. Have students work in pairs. Explain that teams will be enlarging the shapes on the 
worksheets using pencils and their rubber bands. 

3. Tell students that some tips (listed below) can make this task a little easier, then 
write them on the board. Explain and/or demonstrate each tip. 

° Tape the paper to the desk so it does not move. 

° Hold the pencil as perpendicular to the desk as possible. 

° Have the rubber band as close to the pencil tip as you can. 

4. Instruct teams to complete Worksheet 1 by having 1 student hold 1 rubber band 
opposite the knot on the desk while the second student places a pencil in the 
second rubber band opposite the knot. 

5. Tell students to stretch the rubber bands so the knot traces the square while the 
pencil tip draws a corresponding shape. 
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6. Have teams measure both the original square and the square they drew, then record 
the measurements on their worksheets. Note: The sides of the drawn squares will 
be twice the length of the sides in the original worksheet square. 

7. Instruct teams to cut out the original square and place it inside the drawn square. 
Tell teams to cut more squares in the original size until they completely fill the 
drawn square. (Answer: It will take 4 squares.) 

8. Have teams repeat this activity with the other 3 worksheets. 

9. Facilitate a class discussion with these and other questions: 

° How many of the original shapes did it take to fill each of the drawn shapes? 
(Answer: 4) 

° Why did it take 4? 

° Will it always take 4? 

° What relationship exists between the side lengths of the originals and the 
drawn figures? 

° What relationship exists between the areas of the originals and the drawn 
figures? 




Students should recognize that they can create the new figure by cutting out 4 copies 
of the original object and fitting them together. Then, they should discover that the 
area of the original is multiplied (enlarged) by 4. Finally, they should switch from using 
drawings to calculate areas to using formulas. 

Evaluation 

Have the students complete the Area Evaluation Worksheet, p. 59, without the rubber 
bands. (Answer: Students will create a figure with sides that are twice the length of the 
given figure, then find the area of the enlarged figure based on the area of the original.) 

Journal assignment 

Have students explain the relationship between the areas of figures that have doubled 
sides and the process involved. 
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# Have students create 3-to-1 enlargements by adding a third rubber band and 
following the original object with the knot farthest from the pencil. Have them 
follow the original object with the knot closest to the pencil to produce a 3-to-2 
enlargement. 



Art. Replicate a figure using the rubber band activity, then incorporate it into a design 
or offer students a tessellation activity. 



Introduction to Tessellations by Dale Seymour and jill Britton (Dale Seymour Publications) 
Math by All Means: Area and Perimeter by Cheryl Rectanus (Cuisenaire Company) 

Ask Dr. Math at www.oplin.lib.oh.us 
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Make a figure with sides 2 times as long as the figure you see here. You may use scissors and tape, but 
not rubber bands. The number inside the figure represents the area of the original figure. Find the area of 
the figure you make. 
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Aboyt this learning activity 

Students will draw floor plans in different sizes and calculate how each room area 
increases as the room’s dimensions increase. 



Process skills 






O Building models 


O Interpreting 


data 


O Categorizing or classifying 


O Measuring 




O Communicating 


O Observing 




O Comparing 


O Ordering 




O Controlling variables 


O Predicting 




O Experimenting 


O Reasoning 




O Hypothesizing 


O Recognizing 


relationships 


O Inferring 


O Recording 




Ohio mathematics profficiemcy 


strand (s) 




IP III O 


V O 


VII O 


II O IV X 


vi o 


VIII O 



Note: The primary strand is marked with a “P” and each related strand is marked with an “X.” 
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Refer to Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes. 









> Graph paper 

> Overhead projector 

> Graph paper on transparency 

> Squares of tag board (1 for each student) 

> Floor Tiles Chart worksheet 




Using an overhead projector, demonstrate coloring 2 
blocks down and 3 blocks over (see illustration). Have 
them do the same on their graph paper. 



Next, have students double the blocks to 4 blocks down 
and 6 blocks over. Illustrate it on the overhead and let 
students check their work. 



Help students discuss the differences in the sizes of the 2 patterns they drew. (Answer: 
Doubling the length of the sides increases the pattern area by 4 times the first pattern's 
area.) 



1 . Explain to the class that Mary wants to put 1 -foot tiles on the floor of a 2-foot by 
3 -foot rectangular room. Instruct students to determine how many tiles Mary 
needs by drawing her floor with the tiles in place on graph paper. 



Marys floor 









2. Next, explain to students that Jody likes Mary's floor so much that he wants to put 
the tiles on his floor and that Jody’s floor is twice the size of Mary's. Have students 
determine how many tiles Jody will need by drawing his floor with the tiles in place 
on graph paper. 



Jody’s floor 



3. Tell students that Jody's friend, Dianna, 
really likes her floor and wants to put the 
same tiles on her 4-foot by 8-foot floor. 
Have students determine how many tiles 
Dianna will need, using the same method 
as before. 




Dianna’s floor 



4. Discuss with students that now Fred wants to do his floor in the same tiles and 
that his floor is twice the size of Dianna's. Instruct them to use the same method 
to determine how many tiles Fred will need. 






r 



5. Have students compile the data from their graphs on the Floor Tiles Chart 
worksheet. 

6. Facilitate a class discussion with these and other questions: 

? How do you think the process we used to calculate the number of tiles 
needed for each room would work with rectangles? Triangles? Note: Have 
students use their tag boards to show what happens to rectangles and 
triangles. 

“? What do you think will happen with a parallelogram? 

Real-life applications 

Have students brainstorm all the jobs that might use this type of information (e.g., 
carpenters, landscape architects, general contractors, carpet installers, tile floor 
installers). Then, help them recognize ways that they will use similar information when 
they become homeowners. 



Doubling the sides of a figure will make the area 4 times larger. For example: 



Provide a partially completed chart containing data that uses the 4 times rule and ask 
students to complete the chart. 

journal assignment 

Instruct students to describe the 4 times rule and write an example in their journals. 



# Have students use tag board cutouts to prove the 4 times rule with different shapes. 
Then, discuss perimeter and area, and practice finding both for the figures that 
students cut out. 




2x3= 6 



4 x 6 = 24 (24 is 4 times the previous area of 6) 

8 x 12 = 96 (96 is 4 times the previous area of 24) 
16 x 24 =384 (384 is 4 times the previous area of 96) 



Evaluation 



Extension activity 
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Ask each student to measure the floor of his or her bedroom (or any room in the 
house) and draw it on graph paper with accurate dimensions. 



When Are We Ever Gonna Have to Use This ? by Hal Saunders (Dale Seymour Publishers, 

1988) 

Show What You Know — 6 th grade (Englefield & Arnold Publishers) 







r 




Student 


Room Size 


Number of Tiles Needed 


Mary 






Jody 


t 




Dianna 






Fred 
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Students will use a grid system to enlarge squares and a drawing. 



O Building models 


O Interpreting 


O Categorizing or classifying 


O Measuring 


O Communicating 


O Observing 


O Comparing 


O Ordering 


O Controlling variables 


O Predicting 


O Experimenting 


O Reasoning 


O Hypothesizing 


O Recognizing 


O Inferring 


O Recording 


OIHid© matlhematScs proffocoemcy 


strand (s) 
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NO IV X VI X VIII O 

Note: The primary strand is marked with a “P” and each related strand is marked with an “X.” 
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Refer to Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes. 
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Materials 

> Color tiles (optional) 

> 8V2 x 11 -in sketch (See sample, p. 70, or choose another simple sketch.) 

> 18 x 24-in drawing paper 

> Rulers 

> Scissors 

> 1-in grid paper 

> Markers and/or colored pencils 




Have students complete the Growing Squares activity, p. 69. If desired, let students use 
plastic color tiles to complete the activity. 

Exploration activity 

1 . Distribute the sketch. Divide the number of 1 x 1-in squares in the sketch evenly 
among the students. Keep 1 square for yourself for demonstration purposes. 

2. Double your square’s size (creating a blank 2-in square). Ask students what 
“double sizing” the square does to its area. 

3. Enlarge your 1-in section of the sketch from 1-in to the same size as the “double- 
sized” square. Note: Redraw your section into a 2-in square with colored 
transparency pens. 

4. Instruct students to “double size” their portions of the sketch too, using markers 
and/or colored pencils. Encourage them to color the sketch pieces. 

5. After all the 1-in pieces have been dilated, have students place their “double-sized” 
squares on an 18 x 24-in sheet of paper to create the original sketch (like working a 
puzzle). 

6. Conduct a class discussion with these questions: 

f What is the area of 1 of the small squares? (Have students measure, if 
needed.) 

f What is the area of 1 of the “double-sized” squares? 



f How many small squares does it take to make 1 “double-sized” square? 




Hint: For this * 
activity, you will 
provide a sketch 
on 8 V 2 x V -in 
paper for 
students to dilate 
(stretch) onto an 
18 x 24 -in sheet 
of drawing paper. 
It is recommended 
that the sketch be 
put on 1 -in grid 
paper before 
distributing it to 
students. 
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? What is the ratio of the small square to the “double-sized” square? 

? What is the area of the original sketch? 

? What is the area of the enlarged sketch (i.e., the puzzle we put together)? 

? How does this activity compare to the Growing Squares activity we completed 
earlier? 

Evaluation 

° Ask students to explain what happens when they double the dimensions of a square. 

° Have students calculate the size of paper needed to double the “double-sized" 
square. 

Journal assignment 

Ask students to suppose they have a 2 x 3-in wallet size picture and want to double its 
size. Have them calculate the dimensions of the new picture and explain what doubling 
will do to the image (wallet size picture). 

Extension activity 

& Repeat the exploration activity, using isometric dot paper and dividing the picture 
into 1-in equilateral triangles. 







Using squares, continue the pattern shown in Figure 1 and complete Table 1 . By looking for the pattern, find 
“n” and complete the values for the solutions. 



• • • • • 

Figure 1 



Table 1 Solutions 



Squares 


1 


2 


3 


4 


5 


n 


No. of squares added to make larger square 














Total number of squares used 














Perimeter 














Scaled edge (number of squares per side) 


S3 

















if 
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Students will design flower beds for the_school, then calculate changes that occur in the 
flower bed areas as their dimensions change. 



Process skills 



O Building models 


O Interpreting data 


O Categorizing or classifying 


O Measuring 


O Communicating 


O Observing 


O Comparing 


O Ordering 


O Controlling variables 


O Predicting 


O Experimenting 


O Reasoning 


O Hypothesizing 


O Recognizing relationships 


O Inferring 


O Recording 


Ohio mathematics proficiency 


strand (s) 



ip mo vo vii o 

NO IV X VI O VIII O 



Note: The primary strand is marked with a "P” and each related strand is marked with an “X.” 

Ohio mathematics proficiency outcomes 
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Refer to Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes. 
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> Colored tiles or construction-paper squares 

> Grid paper 



Present to students the following scenario: 

Our principal has asked us to design flower beds for our lawn area around the school. Use 

your grid paper and squares to make a map of our school grounds, then decide where to 

put the flower beds and what size they should be. The only controlled variable (rule) is the 

shape of the flower beds — all of them must be square. 

Allow the students to work in pairs. Review scale and direct students to construct their 
maps according to a scale decided upon by the class. Take students outside to make 
decisions about flower bed placements and sizes. Give students ample time to take 
measurements. 

Exploration activity 

1 . After maps and designs have been completed for the engagement activity, review 
the concept of area with the students. 

2. Have the students calculate their flower bed areas and record them on their 
designs. 

3. Then, inform the students that the principal loves flowers and wants bigger flower 
beds. Instruct them to double the length of each side of their flower beds. Note: 
The students will need to rethink their maps and designs. 

4. Once student pairs are satisfied with their new designs, have them draw and label 
their maps on the grid paper. 

5. Ask students to calculate and record the areas of their new flower beds. 

6. Have some pairs discuss how they arrived at their designs and how the designs had 
to change when they doubled the flower bed sides. Also ask them to explain how 
the areas of their flower beds changed when the sides were doubled. 

7. Have several pairs put their data on the board. Help students conclude that when 
the sides of a square are doubled, its area quadruples. 
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Help students identify situations in which knowledge of this math principle might be 
helpful, such as when working with contractors for home building, remodeling, or repair 
projects. 



On a separate sheet of grid paper, have each student pair draw only its flower bed 
designs (before and after the sides were doubled). Have pairs include the dimensions 
and areas of each bed, and write a paragraph explaining what happened to the area 
when the sides were doubled. 

Journal assignment 

° Have students describe in their journals the mathematical thinking and processes 
they used to complete this activity. 

° Instruct students to discuss jobs (e.g., designers, landscapers, builders) that might 
require these skills with their partners, then write about the jobs. 



# Have students explore other figures (i.e., equilateral triangles and hexagons) to 
prove that the same (quadruple) relationship exists. 

Comumeciiomis to other subjects 

Art. Discuss design and landscaping activities. Invite an expert to speak to the class. 

Science. Have students conduct research about plants, then facilitate a class discussion 
with questions like: 

? What will grow here? 

? During what season(s) will each grow? 

? Do we need fertilizer, mulch, or other materials? 

? How much of each do we need and why? 















Have each student design a flower bed for his or her yard, then record the design and 
an estimated cost to plant it. Next, ask each student to determine and record the 
garden’s area and cost after the size is doubled. 

[Resources for teachers 

Everyday Math by Marge Lindskog (Frank Schaffer Publications, 1996) (p. 11 ) 

Hundreds of Board Activities by Marilyn Preddy (Carson-Dellosa Publications, 1995) 

(P-50) 

Frog Math Power, Level D by Mary Jo Hand (Frog Publications, 1995) (game 24) 

Area by J. Srivastava (Thomas Y. Crowell, 1974) 
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Strand II: Problem-Solving Strategies 



Learning Activities Page 

Get the Picture? 77 

Who's Afraid of Word Problems? 84 

o 

Where’s the Beef? 88 

What Do I Need? 92 

Robot Logic 97 

Math Works in the Real World 100 
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Students will apply 4 different problem-solving strategies (i.e., making a drawing, using a 
chart/table or graph, picking out key words, and developing a number sentence) to 
solving word problems. 



Process skiOOs 



O Building models 


O Interpreting data 


O Categorizing or classifying 


O Measuring 


O Communicating 


O Observing 


O Comparing 


O Ordering 


O Controlling variables 


O Predicting 


O Experimenting 


O Reasoning 


O Hypothesizing 


O Recognizing relationships 


O Inferring 


O Recording 
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Note: The primary strand is marked with a "P" and each related strand is marked with an “X.” 
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Refer to Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes. 
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Hint: Create a 
math problem - 
solving center for 
the exploration 
activity. You may 
wish to create 
enough materials 
to implement a 
single center or 
several centers at 
once. 



Materials 



> A word problem on an index card or poster (see engagement activity) 

> Situation cards (see exploration activity) 

> Solution cards (see exploration activity) 



Engagement activity 

Present the following problem to the class: 

Your class is holding a car wash to raise funds for the annual trip to Washington, D.C. 

You charge $5.50 for each car and $7.00 for each truck. A local car dealer informs you 
that the dealership will donate $ 1 ,000.00 for your trip if you wash 50 trucks. You 
earned $557.50 during your fund-raiser, washing 89 vehicles. Do you get the 
$ 1 ,000.00 donation? 



Challenge students to find the solution by creating a chart. (Answer: Yes. See the 
solution on p. 81 .) 



Hint: This is 
written as a 
cooperative group 
activity, but can 
; be adapted to fit 
your needs. 



1 . Copy and cut the situation and solution cards for a matching game. (See p. 80.) 



2. Have students work in small groups to find the best solution method. Instruct 
them to match a solution strategy to each problem, then solve each problem. 
(Solutions can be found on p. 82.) 



3. When students have been given ample time to complete the problems, discuss the 
situation cards and their solutions. Then, ask the following questions: 



f What signals or structures contained in word problems help you to recognize 
the best solution method for a problem? 

? Is there more than 1 way to solve a problem? 

f Do you think situations such as those we studied today happen in the real 
world? Give examples. 
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Distribute Mission Mathematics problems for students to solve. (See instructions and 
sample on p. 83.) Have students solve the problems in small groups or individually, 
using the strategies studied. 

journal assignment 

Have students create a family tree that goes back at least 3 generations, list the ethnic 
roots of each parent and grandparent, and try to calculate the percentage of each ethnic 
heritage they carry in their genes. 



Hint: You can 
have students 
write number 
sequences and 
have classmates 
solve them. 



& Invite representatives from local businesses to the classroom to share their use of 
math in daily problem-solving situations. Ask them to present problems they 
frequently face at work. Challenge the class to attempt to solve them, using the 
strategies they have studied. 



Social Studies. Let students practice map skills by creating a street route for a new mail 
carrier and drawing a map of the route. 

Language Arts. Have students describe in words only the new mail route created in the 
Social Studies activity. 



Have students ask a family member to help them design a yard sprinkler system for their 
front yards. Instruct them to diagram the system on paper and calculate the amounts of 
pipe, fittings, and other materials that will be needed. Have them contact a local 
hardware store to secure pricing information and calculate a reasonable estimate of the 
material costs. 



[Resources for teachers 

Appetizers and Lessons for Math and Reason (a collection of problem solving and 

mathematical reasoning from NCTM 5-8) Web site address: http://www.cam.org/ 
aselby/lesson.html 

Ask Dr. Math at www.yahooligans.com 
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Sotyatbou Card A 

The Computer Club will meet on Tuesdays 
and Thursdays during the month of March. 
If their first March meeting is held on 
Tuesday, March 3, how many times will they 
meet in the month of March? 



Sotyatbro Card B 

How many different ways can you make 
2 7<t using only pennies, nickels, and 
dimes — and use all 3 coins? 



Sotyatbim Card C 

A truck carried 1589 lbs of cargo. Another 
carried 3280 lbs. How much more than 2 
tons did the cargo trucks carry? 



Sotyatbou Card D 

At the Metal Products R Us plant, the shipping 
department has a priority list. Bolts are more 
important than springs, which are more 
important than clips but not as important as 
cotter pins. If cotter pins, springs, and bolts 
show up on the shipping dock together, in 
what order will they be shipped? 



blytboD Card 

Make a drawing. 



blytbro Card 



Use a number sentence. 



Solytbn Card 

Use a graph or table/chart. 



blytboT) Card 

Use words. 
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1 . The information we know: 

° Cars = $5.50 each 
° Trucks = $7.00 each 
° Earnings = $537.50* 

° Total washed = 89 (from adding trucks and cars) 

*Total income from the cars and trucks. We know the .50 indicates both cars and trucks were washed. 

2. Chart should track: 

° Number of cars washed 
° Number of trucks washed 
° A tally of total vehicles washed 
° Total earnings 

Since we are hoping to wash 30 trucks, put 28, 29, 30, 31 , and 32 in the truck row to get started. 
Create combinations of 89 by calculating the correct number of cars (i.e., subtract total trucks in each 
column from 89). Place the car totals in the appropriate boxes in the Number of Cars row. Compute 
the vehicle totals. Answer: 32 trucks, 57 cars. Yes, our fund-raiser gets the bonus! 



No. of Cars/Earnings 


61/$335.50 


60/$330.00 


59/$324.50 


58/$319.00 


57/$313.50 


No. of Trucks/Earnings 


28/$196.00 


29/$203.00 


30/$210.00 


31 /$217.00 


32/$224.00 


Total Vehicles/Earnings 


89/$531 .50 


89/$533.00 


89/$534.50 


89/$536.00 


89/$ 537.50 


Outcome 

(Coal: $537.50) 


No 


No 


No 


No 


Yes 



Results: Washed 57 cars at $5.50 for $313.50 

Washed 32 trucks at $7.00 for $224.0.0 We washed over 30 trucks, so 

Totals: 89 vehicles $537.50 we get the bonus! 
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Situation B: Make a table/chart to solve the 27 <t problem. 



1 € 


2 


2 


7 


5<t 


1 


2 


2 


10<t 


2 


1 


1 


Totals 


27/27 


27/27 


27/27 



Situation C: Use a number sentence to solve the cargo truck problem. 

1 ,589 lbs + 3,280 lbs = 4,869 lbs 
4,869 lbs - 4,000 lbs = 869 lbs over 2 tons 



Situation D: Use words to solve the metal products problem. 



Substitute which with springs. 
Shipping Order: 



1 . Bolts 

2. Cotter Pins 

3. Springs 



(more important than springs) 
(because springs are not as important) 
(more important than clips) 
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imstryctDoms 

Create a story problem like those used in the exploration activity. Put it on an index 
card. Deliver the card in a small brown envelope with a Mission Impossible-style 
message about the importance of solving it in a hurry. Note: Problems should be 
tailored to the needs and abilities of your students. 
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Students will create word problems, then solve them by converting to number sentences. 



O Interpreting data 
O Measuring 
O Observing 
O Ordering 
O Predicting 
O Reasoning 

O Recognizing relationships 
O Recording 



O Building models 
O Categorizing or classifying 
O Communicating 
O Comparing 
O Controlling variables 
O Experimenting 
O Hypothesizing 
O Inferring 
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Note: The primary strand is marked with a “P” and each related strand is marked with an “X.” 
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Refer to Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes. 
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Materials 

> Number lines 

> Paper and pencils 

Engagement activity 

1 . Draw a large number line on the chalkboard. Have students stand at various places 
on the number line (see illustration). 

_5 _4 _3 _2 -1 0 1 2 3 4 5 6 



Sean Renee Joe John Kathy Mary Nancy 

2. Ask students various questions about the places on the number line. For example: 
Who is located at 3? Help students notice that 2 people are located at 3 — Sean 
at -3 and Kathy at +3. 

3. Discuss the direction of the number line. For example: If Mary moves over to stand 
with John, how many spaces does she move and in which direction? If Mary moves 
to join Nancy, how many spaces does she move and in which direction? 

4. Show the students how they can write a number sentence for the preceding 
examples. 

° Mary moves 3 in a negative direction to meet John. 5 + (-3) = 2 
° How many spaces does Mary move to meet Nancy? 5 + ? = 6 




1 . Distribute number lines (or have students make them). Have students use their 
number lines to make a number sentence for the following problem: 

Your football team gained 3 yards, then lost 2 yards. How many total yards were 
gained? 

2. Have students work in groups of 2 or 3. Instruct them to write several additional 
examples of yards gained and lost to share with another group. 
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3. Once students are comfortable using small numbers, introduce a variety of more 
difficult problems. 

° Jesse sold 200 coupon books for the DECA Club. He was given 350 to sell. 
How many did he have left to sell? (Answer: 350 - 200 = ) 

° Mary sold a gently used prom dress at the school store’s annual Prom Dress 
Resale. She paid $35 for the dress when she bought it. She sold it in the 
school store for $18. How much did Mary lose on the dress? 

(Answer: $35 - $18 = ) 

5. When students are comfortable using addition and subtraction, introduce 
multiplication and division word problems. Example: Tell students that you are 
thinking of a number that is 5 times the number plus 4. Write a number sentence 
on the board: ? x 5 + 4 = . 



6. Have students make up additional “I’m thinking of...” problems to share with the 
class. 

7. Through discussion about word problems and number sentences, help students 
recognize that word problems contain key words that can help them identify the 
mathematical operations necessary to solve them. 

Real-life applications 

Help students recognize that we solve word problems every time we go to the store. 

Examples: 

° Milk is $1 .98 per carton. If I buy 2 cartons, how much money will I need? 

° If I buy pears for $1 .29, apples for $2.09, and strawberries for $3.78; how much 
change will I get back from a $10.00 bill? 




Most students struggle with solving word problems. By creating word problems, 
students will begin to feel more comfortable solving them. 











Have each student write 4 word problems and the corresponding number sentences. 
Journal assignment 

Ask students to explain how a word problem can be translated into a number sentence 
and to provide an example. 



# Instruct students to create word problems from newspaper advertisements, then 
use them to create a classroom bulletin board. Challenge another class to solve the 
problems. 



Art. Have students complete an art-related word problem. Example: If I mix 2 cups of 
blue paint and 3 cups of yellow paint, how many cups of paint will I have? 

Music. A song is designed to be sung in 14 minutes, but the choir sings it in 8 minutes. 
How much faster than intended did the choir sing it? 



Have students go grocery shopping with a family member and record the number of 
times they can solve a word problem. 



When Are We Ever Gonna Have to Use This? by Hal Saunders (Dale Seymour Publications) 
Mathercise by Michael Serra (Key Curriculum Press, 1992) 

Super Solvers Outnumbered! by The Learning Company (computer program) 

Math Blaster Mystery by Davidson (computer program) 
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Abomt this learning activity 

Students will practice identifying necessary, unnecessary, and omitted information and 
relate this skill to solving math problems. 



O Interpreting data 
O Measuring 
O Observing 
O Ordering 
O Predicting 
O Reasoning 

O Recognizing relationships 
O Recording 



O Building models 
O Categorizing or classifying 
O Communicating 
O Comparing 
O Controlling variables 
O Experimenting 
O Hypothesizing 
O Inferring 
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Note: The primary strand is marked with a “P” and each related strand is marked with an “X.” 
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Refer to Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes. 
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> Empty detergent containers in various sizes (both powder and liquid) 

> Construction paper price tags (affix to the detergent containers) 

> Circulars from various retailers (enough for a research exercise) 

> Product Fact Sheets 



Display the detergent containers with the price tags affixed to them. Ask students to 
find the best detergent bargain. 



1 . Display/distribute the store circulars. 

2. Let students draw or choose items (e.g., paper towels, fruit, cleaning agents) from 
the circulars to research. 

3. Have them record all the information they can find for their products on their fact 
sheets (see the sample on p. 91 ). Instruct them to include 3 prices — 1 close, 

1 exact, and 1 unreasonable. 

4. Organize students into pairs and instruct them to trade fact sheets. Tell them to 
examine each other’s data, record any questions left unanswered, and mark any 
information they find unimportant. Finally, ask students to choose a price for the 
product based on the information given. 

5. Call on students to report the results of the activity. 

6. Facilitate a class discussion with these and other questions: 

f What general categories of important mathematical information did you find? 
(Possible answers: Price, quantity, weight, volume.) 

f What general categories were unimportant? (Possible answers: Color of 
package, name brand, expiration date.) 



Finding the right information can be a c|)altej|ge for young mathematicians. Help 
students recognize through these hands-on exercises how getting the right information, 
and all the necessary information, is important to solving a problem. 
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Evaluation 

Use a box knife to “undo” a box that will flatten to fit on an 8 V 2 by 11 -in sheet of paper. 
Copy the box. Ask students to circle all important information in red and 
unimportant information in blue. Also have them record in pencil any information 
that was needed but not provided. 

journal assignment 

Have students compare the process of a court trial to solving a math problem. (Hint: If 
necessary, help students draw correlations between the 2 processes prior to making this 
assignment. Help them recognize that in a court trial participants present information that is 
needed and information that is not needed, and that some information is left out by accident 
or purposefully. Then, explain that in math some information is needed and clear, some is left 
out, and some is not needed.) 

Extension activity 

# Videotape some commercials. Have students analyze the commercials to identify 
the information provided, what was left out, and any unnecessary information. 
Challenge students to find information that would help them to determine whether 
a product shown is a good buy. Have them report their findings to the class at a 
later time. 

Connections to other subjects 

Language Arts. Analyze newspaper stories for facts that are given, not given, or 
unnecessary. Evaluate the reporter’s work on the merits of the factual information. 

Home connections 

Have students watch the news and some commercials with a family member, then discuss 
the information presented, e.g. what information was given, needed, and irrelevant to the 
story or commercial viewed. 

Resources for teachers 

Problem Solving Activities, The Intermediate Mailbox (June/July 1993-1994) See pp. 
25-31. 



Problem Solving Strategies, Education Center Inc. (1996-97) See pp. 36-41 . 
Ask Dr. Math at www.yahooligans.com 
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Hint: This 
activity uses skills 
developed in the 
preceding Strand 
II activities. It 
should be 
implemented 
after students 
have acquired 
some basic 
problem-solving 
skills. 



Abomt this leanmoinig activity 

Students will select given, needed, and irrelevant information as they create and solve 
word problems. 



O Building models 
O Categorizing or classifying 
O Communicating 
O Comparing 
O Controlling variables 
O Experimenting 
O Hypothesizing 
O Inferring 



O Interpreting data 
O Measuring 
O Observing 
O Ordering 
O Predicting 
O Reasoning 

O Recognizing relationships 
O Recording 
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> Poster “cards” (engagement activity) Note: Prepare poster “cards” in advance, 
putting 1 piece of the problem information (see list) on each poster: 



° Mary 
° John 
° Picnic 
° At T.J. Evans 
° 43 people 



° Want hamburgers and hot dogs 
° Decide only hamburgers 
° 2 hamburgers per person 
° How many hamburgers do they need to buy? 



1 

Hint: You may 
wish to use flip 
chart paper 
instead of poster 
board. 



> Poster boards (for exploration activity) 

> Markers 

> Information Categories chart (3-4 copies per student) 



1 . Select 9 students and have them hold the poster “cards” in front of the class. Read 
the following word problem aloud as the students line up. 

Mary and John want to have a picnic at T.J. Evans Park. They plan to invite 
43 people. Mary wants to serve hamburgers and hot dogs, but they decide 
they will only serve hamburgers. They plan to serve 2 hamburgers per person. 

How many hamburgers do they need to buy? 

2. Explain to the class that the first step in solving a word problem is to list the 
information given and that a chart is a helpful way to approach this step. 

Distribute an Information Categories chart to each student, with instructions to list 
all information given. 

3. Ask the class to eliminate the information they do not need (i.e., ask the students 
holding the unnecessary information to sit down, have students list the irrelevant 
items in the third column of their charts). 

4. Have students name any additional information they need to solve the problem and 
add it to the first column. 

5. Now change the problem by substituting, “They plan to invite a few friends” for “43 
people" and repeat steps 2 through 4. 
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1 . Divide students into groups of 4-6 each. Have each group create a story problem, 
following the format used in the engagement activity. 

2. Encourage students to add irrelevant items and/or leave out some information that 
is needed to solve the problem. 

3. Have groups put their stories on poster “cards” and present them to the class. 

4. Instruct the groups to exchange stories and complete Information Categories 
charts. Have them try to solve the problems, if desired. 

Keal-lofe applications 

Help students recognize that the ability to identify and sort word problem information 
can be useful throughout their lives. Provide examples like those given, then help 
students identify others. 

Do I have enough information to make a wise decision about: 

° Choosing a college or tech school. 

° Buying a car. 

° Going to the movies. 




Students need to learn to identify and sort word problem information into these 
categories: given, needed, and irrelevant. Help students recognize that this skill is 
essential to solving problems. 

Evaluation 

Provide several problems and ask students to complete a chart that lists the given, 
needed, and irrelevant information for each problem. Note: Students should answer 
“yes” or “no” to the question, “Do I have enough information to solve this problem?” 
(last column in the Information Categories chart, p. 96). 

Journal assignment 

Have students complete this sentence, “Before making decisions, I must have the 
following information....” 
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Extension activity 

# Distribute copies of movie advertisements from the local newspaper. Note: Be sure 
that the show times are not listed. Ask students to select a movie and list all of 
the information that they need to have before attending the movie. Examples: 

° Time the movie begins and ends. 

° Where is the theater? 

° Can I get a ride there and back? 

° Do I have enough money to purchase a ticket? 

Connections to otlher subjects 

Art and Science. Ask art teachers and science teachers to assign projects that require 
students to begin by identifying given, needed, and irrelevant information. 

Language Arts. Have students write stories that contain both relevant and irrelevant 
information. Then, ask students to read their stories to the class and have classmates 
identify the irrelevant information in the stories. 

Home connections 

Have students discuss with family members how this skill (i.e., identifying needed, 
relevant, and irrelevant information) can be used in the home. Then, instruct students 
to combine their responses, making a list to display in the classroom. 

(Resources for teachers 

When Are We Ever Gonna Have to Use This ? by Hal Saunders (Dale Seymour Publications) 
Mathercise by Michael Serra (Key Curriculum Press, 1992) 

Everyday Math (computer program) 

Super Solvers Outnumbered! by The Learning Company (computer program) 

Math Blaster Mystery by Davidson (computer program) 
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About this learning activity 

Students will use only verbal instructions to direct a “robot” to complete a task. 



O Interpreting data 
O Measuring 
O Observing 
O Ordering 
O Predicting 
O Reasoning 

O Recognizing relationships 
O Recording 



O Building models 
O Categorizing or classifying 
O Communicating 
O Comparing 
O Controlling variables 
O Experimenting 
O Hypothesizing 
O Inferring 



I O 

II P 



III O 

IV O 



V o 

VI o 



vii o 
vim o 



Note: The primary strand is marked with a “P” and each related strand is marked with an “X.’ 
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Refer to Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes. 
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Materials 

> Paper and pencils 

> Padded walls 



This learning activity does not require an engagement activity. 



Hint: You may 
wish to conduct 
this exercise in a 
room with padded 
walls. 



Choose a simple task like sharpening a pencil or retrieving an object from a table. 
Decide what directions you want to be preprogrammed into the “robot” (e.g., right, 
left, stop, walk, up, down). Note: You want to provide the basics, but not too much 
knowledge. 



2. Choose 2 student volunteers-* -a “robot” and a recorder. Explain their duties (see 
Explanation section). Be sure to stress to the “robot” that he or she must carry 
out the class’ directions exactly. 



3. Explain the task and preprogramming to the class. Instruct students to discuss the 
directions they will give and let the recorder write them on flip chart paper. 
Encourage students to be specific, giving an example like, “If the class says walk, the 
“robot” walks until you say stop.” 

4. Then, have students instruct the “robot” verbally, using the directions decided on 
by the class and giving only 1 command at a time. 

5. Instruct students to continue giving directions until the task has been completed. 



6. Help students apply this logic format to any problem-solving situation by having 
them write a problem in words before working out the solution in mathematical 
terms. Note: This strategy teaches students to concentrate on the problem 
situation rather than the numbers when they first read a problem. 



7. After students have recorded the problem in word format, let them translate their 
words into math terms and solve the problem. 
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Expect these “robot” tasks to take a long time. Students need lots of practice to direct 
the “robot” correctly. (One class took the entire school year to have a “robot” tie his 
shoelace.) Let the class work on it over several days, weeks, or even months — whenever 
you have a few minutes between activities. Keeping the recorder’s flip chart sheet of 
directions posted in the classroom will make it easy to switch to the “robot” task 
whenever it is convenient. 

The “robot” has the most important job. Choose a student who likes being the center 
of attention and will do anything, including looking foolish, to make everyone laugh. The 
“robot’s” job is to do exactly what he is told — nothing more and nothing less. 

Remember to keep the tasks simple. And avoid messy tasks like making chocolate milk. 




Computer Science. Show students the coded language of a simple computer program. 
Help them recognize that the step-by-step process is what the computer reads and 
carries out. Talk about the number of steps needed to perform even the simplest tasks, 
then speculate about the process and steps required to program an application. 

Language Arts. Have students write a process paragraph — write directions for 
completing a task (e.g., making a peanut butter sandwich, finding the average of a set of 
numbers). Older students can apply this logical order to writing essays and term papers 
(called the flow of the essay). 




Ask family members to talk through their logic aloud as they teach a process at home. 
Explain that the students need to hear the order, understand the reasoning, and 
remember the process. 








i 



About this learning activity 

Students will practice various problem-solving strategies in completing 3 sets of 
activities. 



O Interpreting data 
O Measuring 
O Observing 
O Ordering 
O Predicting 
O Reasoning 

O Recognizing relationships 
O Recording 



O Building models 
O Categorizing or classifying 
O Communicating 
O Comparing 
O Controlling variables 
O Experimenting 
O Hypothesizing 
O Inferring 



O III O 

P IV O 



V O 

vi o 



VII o 

VIII o 



Note: The primary strand is marked with a “P” and each related strand is marked with an "X.” 
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Refer. to. Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes. 













> Varsity Tennis Squad problem on poster board (see engagement activity) 

> 15 5 x 7-in manila envelopes 

> Large bag of peppermint candies 

> Instruction card (see Explanation section, Station I) 

> Stations Worksheet 

> Cyberpet Production Report (on poster board) 



Display the Varsity Tennis Squad problem. Ask students, "How could we solve this 
problem?” 

Karla wants to make the varsity tennis squad. She practices serving by hitting 10 
serves each day for the first week. Then, she decides to increase her practice. On 
Monday of the second week, she hits 15 serves, then increases the number of serves 
she hits by 5 each morning. How many serves will Karla hit on Thursday morning of 
the second week? 



The exploration activity is designed for students to work in small groups and move from 
station to station. You may need to adapt the learning methods to meet your students’ 
needs. 

1 . Prepare the materials prior to implementing the exploration activity. 

Station I. 

a. Write the numbers 1 through 5 on 5 of the manila envelopes. Put 3 
peppermint candies in the first envelope, 5 in the second, 7 in the third, 9 in 
the fourth, and 11 in the fifth. 

b. Label the second set of 5 envelopes A through E and place 1 candy in A, 2 in 
B, 4 in C, 8 in D, and 16 in E. 

c. Label the third set of envelopes triangle, square, pentagon, hexagon, and 
heptagon, then place 2 candies, 5 candies, 3 candies, 6 candies, and 4 candies 
in them, respectively. 

d. Place the groups of envelopes qn^a table with a card that instructs students . 
not to change the contents of fh# envelopes or mix up the sets of envelopes. 
(Envelopes are labeled to avoid confusing them within the station.) 
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Station II. Prepare a poster board chart of the Cyberpet Hourly Production 
Report (see p. 108). Post it in the Station II area. 

Station III. You may wish to put Freddy’s sales form on a poster board and post 
it in Station III (see Stations Worksheet, Station III). 

2. Organize students into small teams. Distribute a Stations Worksheet to each 
student. 

3. Instruct students to explore each station and answer the questions on the 
worksheet for that station. 

4. Facilitate a class discussion with these and other questions: 

? How did you discover the patterns in the envelopes? 

? Were they obvious or did you have to work to identify them? Explain. 

? Where did you look to find your answers to the questions in Station II? 

? Were the answers obvious, or did you have to work to find them? Explain. 

? Why is the math work required for Station II important to a business owner? 

? If you worked at the Cyberpet Factory, how could you use this data? 

f What did you learn about doing math work from visiting Station III? (Answer: 
Always check your work!) 

? How can math affect your income? Your profits as a business owner? 




Station I Worksheet Solutions. 

What did you discover about each set of envelopes? Be specific. 

Answer: They contain patterns. 

° Envelopes 1 -5 are a pattern (5, 5, 7, 9, 11 ) that increases by 2. 

° Envelopes A-E illustrate a doubling pattern — 2, 4, 8, 16, and so forth. 

° The pattern in the third set of envelopes add? 3 to every other number (i.e., first, third, 
fifth and so forth), and subtracts 2 frcm the~numbers in between (e.g., second, fourth). 









How many candies would be in each additional envelope if you extended the pattern by 
3 more envelopes in each set? 

Answers: 

° Set 1-5: Envelopes 6-8 would contain 15,15, and 17 candies, respectively. 

° Set A-E: Envelopes F-H would contain 64, 128, and 256 candies, respectively. 

° The next 5 shapes envelopes would contain 7, 5, and 8 candies, respectively. 

Station II Worksheet Solutions. 

1 . Anne; 74 units (Add horizontally.) 

2. Sally; 11 units (Observe highest hourly amount.) 

3. Anne; 9.25 pets per hour (Add each worker’s total across the 8 hours and divide by 
8 -) 

4. Bob; 1 unit (Observe lowest hourly amount.) 

5. Bob [He has the lowest output of any worker and the lowest hourly production rate 
(1 ), and is 3 under the next closest producer.] 

6. 7 per hour (Add the averages of each employee and divide by 7.) 

7. Hour 8 is worst with 24 units; hour 3 is best with 45 units. (Add production tallies 
vertically.) 

Evaluation 

Observe and note students’ progress as they work in the stations. Check their answers 
during the class discussion. 

Journal assignment 

Have students summarize what they discovered from each station. 

Extension activity 

# Help students videotape a “documentary” about validation and generalization of 
solutions to problems. 
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Social Studies. Give students local census data. Have them use the data to answer 
basic questions. Then, ask them to predict future trends based on the current data. 



Home connections 

Instruct students to look for patterns at home (e.g., quilts, floors, walls, ceilings) and 
sketch them or describe them for sharing with the class. 



Patchwork Math Two by Debra Baycura (Scholastic Books, 1996) 
Everyday Math by Marge Lindskog (Frank Shaffer Publications, 1996) 
Homework Helpers (Frank Shaffer Publications, 1996) See p. 16. 





$$$$$ + $$ 



r 




Name 



Explore the envelopes and answer the following questions. 

What did you discover about each set of envelopes? Be specific. 



How many candies would be in each additional envelope if you extended the pattern by 3 more envelopes in 
each set? 



Station] 00: 

Review the Cyberpet Hourly Production Report and answer the following questions. 

1 . Who will get the day’s bonus for the best output? 

2. Who has the highest output for any 1 hour period? 

3. Who has the best average hourly output? 

4. Who has the lowest output for any 1 hour period? 

5. Who should get a “pink slip" for poor job performance? 

6. What is the overall average hourly production for all the workers? 

7. What is the worst hour for production? The best? 
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You are a teacher. One of your students, Freddy, runs up to your desk and declares that he has won the top 
sales award for your class fund-raiser. Is he right? Check his sales form to find the answer. Find and correct 
any errors. 



Freddy's Sales Form 



Odk 


y Stocky Fymid-rsioseir Compaumy 

“If It’s tacky and cheap, we sell It!” 




Customer Name 


Phone Number 


Cheese on a Rope 
@$6.95 


Bugs in a Mug 
@$3.95 


Gummy Candy 
@$2.50 


Plastic Light Pull 
@$7.95 


Customer 

Total 


i 


John 


555-1234 


34.75 


0 


10.00 


23.85 


68.60 


2 


Cherie 


555-6142 


6.95 


11.85 


22.50 


15.90 


47.20 


3 


Juanita 


555-4153 


41.70 


11.85 


7.50 


63.60 


124.62 


4 


Eileen 


555-4444 


41.70 


7.90 


2.50 


23.95 


75.95 


5 


Samantha 


555-6161 


34.75 


6.90 


7.50 


15.90 


66.05 


Total items sold: 


2 0 


1 0 


1 6 


1 8 


67 


Total sales: 


$159.85 


$39.50 


$40.00 


$143.10 


$382.45 
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Dcky Stocky Fmd-raiiser Company 



“Iff it's tacky aocfl cheap, we sell it!” 

Customer Name Phone Number Cheese on a Rope Bugs in a Mug Gummy Candy Plastic Light Pull Customer 

@$6.95 @$3.95 @$2.50 @$7.95 Total 


1 


John 


555-1234 


34.75 


0 


10.00 


23.85 


68.60 


2 


Cherie 


555-6142 


6.95 


11.85 


22.50 


15.90 


47.20 


3 


Juanita 


555-4153 


41.70 


11.85 


7 . 50 


63.60 


124.62 


4 


Eileen 


555-4444 


41.70 


7.90 


2.50 


23.95 


75.95 


5 


Samantha 


555-6161 


34.75 


6.90 


7.50 


15.90 


66.05 


Tol 


al items sold: 




2 0 


1 0 | 


1 6 


1 8 


67 


Total sales: 


$159.85 


$39.50 


$40.00 


$143.10 


$382 .45 


Important: All values are the sami 


; on the studer 


it worksheet, e 


ccept those the 


t are written ir 


bold. 
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Employee Hour 1 Hour 2 Hour 3 Hour 4 Lunch Hour 5 Hour 6 Hour 7 Hour 8 



John 


7 


9 


10 


8 


0 


6 


8 


8 


6 


Sally 


8 


10 


11 


10 


0 


9 


7 


5 


5 


Bob 


4 


6 


6 


5 


0 


3 


4 


2 


1 


Anne 


9 


9 


9 


10 


0 


9 


9 


9 


10 


Ptirl 


7 


in 


O 
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Strand III: Numbers and Number Relationships 



Learning Activities Page 

Multiplying to Get Less Ill 

Paper-folding Magic 116 

Comparing Fractions 121 

Fun with Conversions 141 

Scoring High with Fractions and Decimals 147 

What’s Your Order? 150 

Equality — More or Less 158 

Sweet Ratios 161 

Currency Conversions 167 
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Students will experiment with candy and paper to discover that multiplying with 
fractions produces a smaller number. 



O Building models 


O Interpreting 


O Categorizing or classifying 


O Measuring 


O Communicating 


O Observing 


O Comparing 


O Ordering 


O Controlling variables 


O Predicting 


O Experimenting 


O Reasoning 


O Hypothesizing 


O Recognizing 


O Inferring 


O Recording 


Ohio mathematics proficiency 


strand (s) 



I O 

II O 



III P 

IV o 



V o 

VI o 



VII o 

VIII o 



Note: The primary strand is marked with a “P” and each related strand is marked with an “X.” 

Ohio mathematics proficiency outcomes 
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Refer to Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes. 
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Materials 

> Small, individually-wrapped candies (20 per student pair) 

> Sandwich baggies (4 per student pair) 

> 9 x 9-in sheets of paper (1 per student) 

> Rulers (inch) 

> Crayons 

> Multiplying Fractions worksheet (for evaluation) 

Engagement activity 

Give each pair of students 20 candies and 4 baggies. Explain to students that they may 
eat the candy after they complete the lesson. Instruct student pairs to divide the candy 
evenly, then divide each half of the candy again so that each student will have an equal 
amount of treats for today and tomorrow. When students finish dividing the candies, 
have them store the candy in the baggies and record (i.e., describe in writing) what they 
did in this lesson. 



1 . Give each student a square of paper. 

2. Ask students to use the rulers to make marks at the 3 -in and 6-in points on their 
papers, then draw lines to divide the paper into thirds. 

3. Have students fold their papers along the lines they drew, then unfold them and 
use red crayons to shade V3 of the papers. 

4. Instruct students to fold their papers in half, then unfold with the colored side 
facing up. Have them use blue crayons to shade V 2 of the papers, pointing out 
that they will be coloring over part of their red sections. 

5. Ask students to look at their papers and name the fraction that represents the red 
portion. Then, ask them to identify the “blue fraction.” 

6. Ask students to identify the “red and blue fraction.” Put the equation V 2 x Vi = 
V6 on the board or overhead projector. Explain that first each student shaded V 3 
of the paper red, then V 2 of the paper blue. Further explain that by multiplying 
these 2 fractions, we find that the section of each paper that is shaded both red 
and blue makes up V6 of the paper — the combined red and blue section 
represents V 3 of V 2 of the paper. 
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7. Now help students apply this concept to the candy lesson (i.e., engagement 
activity). Ask student volunteers to describe how they completed the candy 
activity for the class. 

8. Then, explain that first students separated V 2 of the total number of candies so 
that each member of the pair would get an equal amount of candy. Further explain 
that when they had to divide the candy in half again so each would have the same 
amount of candy today and tomorrow, they were calculating V 2 of V 2 . Put the 
equation V 2 x V 2 = V 4 on the board as you explain the exercise in these numerical 
terms. 

9. Next, point out that after completing their first task, the team members had 2 
equal portions (i.e., each had V 2 of the total) and that after doing the second task 
(i.e., dividing for 2 days), they had 4 equal portions, with each portion 
representing ’A of the total. As you explain, illustrate the concept like this: 

Student #1 Student #2 

10 candies 10 candies 

(V 2 of the total) (*/; 2 of the total) 

5 for today 5 for tomorrow 5 for today 5 for tomorrow 

(’A of total) (’A of total) (’A of total) (’A of total) 

Equation: V 2 x V 2 = ’A 

10. Next, draw a square and demonstrate 2 A of 3 A. Then, write the equation for the 
square: 2 A x 3 A = 6 /i2. 

11 . Direct students to look carefully at all of the equations written on the board. 
Facilitate a discussion about how to multiply fractions with questions like: 

? Can you recognize any math principles to follow when multiplying fractions? 
(Answer: Multiply the numerators, then multiply the denominators.) 

? Does this work for all fractions? (Note: Let students use the equations on the 
board to check.) 



? What do you notice about the answers to all of these equations? 
(Answer: They are all smaller than the 2 fractions being multiplied.) 
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Have students complete the Multiplying Fractions worksheet (p. 115) while eating their 
candies. 

Journal assignment 

Have students describe the exercises completed and the process of multiplying fractions. 
Then ask them to write a response to this prompt: When we multiply whole numbers, 
our product is greater than either of the numbers we multiply. But when we multiply 
fractions, all of our answers are less than 1 . Why? 



# Tell the students that there will be a “Fraction Party” at the conclusion of the unit 
on fractions and that another class (that is also studying fractions) will join you. 
Explain that the other class will bring drinks and your class will supply cookies. 
Then, distribute copies of cookie and frosting recipes. (Half of the class will bake 
cookies and the other half will frost them. Cookies will be decorated at school.) 
Have students determine how many cookies and how much frosting will be needed 
for the party, and whether their recipes will need to be reduced by V 2 , V 4 , or some 
other amount. Finally, have students calculate how much of each ingredient will be 
needed in the revised recipes. 



Language Arts. Have students write a newspaper article about the “Fraction Party” 
project. Submit it with photographs to the local newspaper. 

Art. Decorate cookies or pictures using a fractions theme. 



Instruct students to explain how to multiply fractions to family members, then ask them 
to assist in baking the cookies and preparing the frosting for the party. 

Resources for teachers 

Fractions , Decimals, Ratios and Percents by Barnett, Goldstein, and Jackson (Heinemann, 
1994) 

Everyday Math — Grades 4-6 by Marge Lindskog (Frank Schaffer Publications, Inc., 1996) 
Mega-Fun Math Games by Dr. Michael Schiro (Scholastic, 1995) 

Math Activities by Robyn Silbey (Frar*k,Sjcbaffer Publications, Inc., 1996) 
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Solve the following problems. Write your answers in lowest terms. 



1 . ] /2 X V 2 = 11 . 1 Vl5 X 2 A 

2. V2 X V3 = 12. ] A X 6 /7 

3. 4 A X ] /6 = 13. 7 /l0 X s /6 



4. 2 /3 X 3 / 4 = 

5. 9 /l0 X V8 = 

6. V9 x Vs = 

7. 2 /3 X S /8 = 

8. 6/7 X S /6 = 

9. 11/2 X Vs = 

10. V 2 X S /6 = 

Bonus: In the space below, draw a 



14. 1 /4 x 5 /8 = 

15. 3 /5 X 7 /8 = 

16. 3 A X 3 A = 

17. VlO x 4 /5 = 

18. 7 A x s /7 = 

19. Vs x s /7 = 

20. 4 /9 X 3 A = 
re and color it to illustrate V 2 x 3 A. 
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Students will fold and shade a sheet of paper to create equivalent fractions. 



O Building models 


O Interpreting data 


O Categorizing or classifying 


O Measuring 


O Communicating 


O Observing 


O Comparing 


O Ordering 


O Controlling variables 


O Predicting 


O Experimenting 


O Reasoning 


O Hypothesizing 


O Recognizing relationships 


O Inferring 


O Recording 


Ohio mathematics proficiency 


strand (s) 



I O 
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IV O 



V O 

VI O 



VII O 

VIII O 



Note: The primary strand is marked with a “P” and each related strand is marked with an “X." 
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Refer to Appendix D, pp. 422-427, for ^detailed listing of the proficiency outcomes. 
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Materials 

> Multiplication Facts worksheet (for the engagement activity) 

> 8 V 2 x 14-in paper (or any rectangular-shaped paper) 

> Crayons 




As students arrive in the classroom, have them begin working on the Multiplication Facts 
worksheet. (Alternative: Assign the worksheet as homework the evening before the 
lesson.) Help students confirm that they completed the worksheet correctly by 
checking the question at the bottom of the worksheet. (Answer: What are equivalent 
fractions?) Explain that the next exercise will help them answer that question. 




1 . Distribute a sheet of paper to each student. 

2. Ask each student to fold the paper in half, then unfold it and shade 1 of the 2 
sections with a crayon. 

3. Ask students to name the fraction represented by the shaded area. (Answer: V 2 .) 
Write V 2 on the board or a transparency. 

4. Have each student refold the paper along the original crease, then fold it in half 
again in the same direction. 

5. Instruct students to unfold their papers again. Ask them to name the number of 
shaded parts and the total number of parts. (Answers: 2, 4.) 

6. Ask a student volunteer to write the fraction now represented (answer: 2 A) next to 
the V 2 already on the board or transparency. 

7. Have each student refold the paper along the 2 creases already made, then fold it 
in half again in the same direction. 

8 . Instruct students to unfold their papers and name the fraction represented now. 
(Answer: 4 /s.) 



9. Ask another student volunteer to write this fraction next to the 2 A and V 2 . 







10. Facilitate a discussion with these and other questions: 

f What happened when you folded the paper a second time? (Answer: Instead 
of 2 sections, we had 4. But the shaded area remained the same size.) 

? What happened to the fraction representing the shaded part? (Answer: The 
numerator and denominator doubled.) 

f What happened when the paper was folded a third time? (Answer: The 
shaded area remained the same size, but the number of sections doubled. 

And the numerator and denominator doubled again.) 

12. Direct students’ attention to the board or transparency where the fractions created 
in the exercise are written. Ask them to work in pairs to identify a pattern, then 
predict what would happen if the paper were folded another time. 

13. Ask volunteers for their predictions. Fold the paper again to check the predictions, 
and write the new fraction ( 8 /i6) on the board or transparency next to 4 /s. 

14. Ask the students to predict whether or not they could find equivalent fractions by 
multiplying the numerator and denominator of V 2 by 3 or another number. Then, 
test the theories given by demonstrating the multiplication on the board or 
transparency. Help students recognize the math principle that multiplying both 
the numerator and denominator by the same number always results in an 
equivalent fraction. 

15. Distribute another sheet of paper to each student. Repeat this activity, having 
students fold their papers by thirds. 

Evaluation 

Have students write 3 equivalent fractions for each of these fractions: V4, 2 /i, Vs, 3 A, 

and V 6. 

Journal assignment 

Have students answer these questions in their journals: 

f Why are 4 /s and 8 /i6 not found on a ruler? 
f Why might this information be important to a house builder? 
f To what other occupations/:rriig!t this knowledge be important? 
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# Conduct a lesson about writing fractions in lowest terms (i.e., reducing, simplifying). 
Help students recognize that this activity also results in equivalent fractions — they 
are dividing the numerator and denominator by the same number. 




Art. Have students create designs that are made up of equivalent fractional parts. 

Music. Discuss how equivalent fractions are used in music (e.g., 2 half notes equal 1 
whole note). 

Language Arts. Create reading, writing, drama, and other language arts assignments 
from the following list of books: 

£0 Fractions Are Parts of Things by R. Dennis (Thomas Y. Crowell, 1971 ) 

£Q Frog Math Power, Level D by Mary Jo Hand (Frog Publications, 1995) 

£0 Mad Math by Sue Macy (Scholastic, 1987) 

CO Math Activities by Robyn Silbey (Frank Schaffer Publications) See pp. 30, 48-49. 
Home connections 

Instruct students to search newspaper and magazine articles for fractions, cut them out, 
and make a collage of equivalent fractions. 

Resources for teachers 

The Intermediate Mailbox (December/January 1993-94) by the Education Center, Inc., 
Greensboro, NC 

Worksheet Magazine (November/December/January, 1988-89 and February/March 
1987) by the Education Center, Inc., Greensboro, NC 






##+##### 



1 




Name 

DmistructDOinis: 

Solve each problem. Write the letter for each problem in the corresponding blank below. The first problem 
has been completed for you. 



F 


7x4= 28 


A 


9x5 = 


E 


6x4 = 


R 


8x8 = 


C 


3x6 = 


H 


7x9 = 


S 


11 x 4 = 


Q 


9x4 = 


E 


6x4 = 


U 


9x9 = 


T 


6x7 = 


W 


4x4 = 


1 


3x9 = 


0 


7x8 = 


N 


4x8 = 


L 


5x5 = 


H 


7x9 = 


V 


5x8 = 



_E_ ? 

16 63 45 42 45 64 24 24 36 81 27 40 45 25 24 32 42 28 64 45 18 42 27 56 32 44 
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Students will compare fraction pairs to identify equivalent and larger/smaller fractions. 



Process skills 



O Building models 


O Interpreting data 


O Categorizing or classifying 


O Measuring 


O Communicating 


O Observing 


O Comparing 


O Ordering 


O Controlling variables 


O Predicting 


O Experimenting 


O Reasoning 


O Hypothesizing 


O Recognizing relationships 


O Inferring 


O Recording 


Ohio mathematics proficiency 


strand (s) 



I O III P VO VII o 

NO IV O VI O VIII O 



Note: The primary strand is marked with a “P” and each related strand is marked with an “X.” 



4 th -grade outcomes 



O 1 02 03 


04 


O 5 


O 6 


O 7 


O 8 


O 9 


O 10 


O 11 


O 12 O 13 O 14 
O 23 O 24 O 25 


O 15 


O 16 


O 17 


O 18 


O 19 


O 20 


O 21 


0 22 


6 th -grade outcomes 


















O 1 02 03 


O 4 


O 5 


O 6 


O 7 


O 8 


O 9 


O 10 


O 11 


O 12 O 13 O 14 
0 23 0 24 


O 15 


O 16 


O 17 


O 18 


O 19 


O 20 


O 21 


0 22 


9 th -grade outcomes 


















O 1 02 03 


04 


O 5 


O 6 


O 7 


O 8 


O 9 


O 10 


O 11 



0 12 0 13 0 14 0 15 0 16 

Refer to Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes. 
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Materials 



Hint: You can 
create the 
fraction flash 
cards from the 
samples provided 
on pp. 126-129. 



> Fraction Illustration sheets (see Explanation section) 

> Fraction flash cards 

> Comparing Fractions worksheet 



1 . Help students discuss the concept of equivalent fractions by asking them how they 
might compare fractions to one another. Then distribute the fraction sheets and 2 
flash cards to each student. Explain to the students that the fraction sheets can be 
used to represent any fraction. 



2. Use a student’s flash cards and your own set of fraction sheets to demonstrate this 
method of comparing fractions. For example, have students suppose that the cards 
drawn were 4 A and s /6. Explain that the ninths and sixths fraction sheets must be 
used. Have students place these fraction sheets side by side, then determine the 
size of 4 /9 by counting down 4 on the ninths sheet. Explain that this distance 
represents 4 / 9 . 



3. Have students attempt to find the size of s /6, providing direction, as needed. 
(Answer: The students should count down 5 on the sixths sheet.) 

4. Next, have students compare the 2 fraction sheets. Help them recognize that 5 A is 
greater than 4 / 9 . 



5. Discuss equivalent fractions with these and other questions: 



f Are these 2 fractions equivalent? Why or why not? 
f Are V2 and 2 A equivalent? Explain. 
f Could we make S A and 4 /9 equivalent? If yes, how? 



1 . Have students lay their fraction sheets side by side and locate equivalent fractions 
(e.g., V2 is the same as 2 A is the same as 4 /s). 

2. After students have found several equivalent fractions, distribute more flash cards. 
Have them compare the fraction&on their cards, recording them from smallest to 
largest. Repeat this step, if desired. 
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&&&&& + 



3. Distribute the Comparing Fractions worksheet and have students follow the 
instructions. Monitor their work, providing assistance to students when they 
struggle. 

4. Discuss the exercise with these and other questions: 

f How many equivalent fractions did you find? Note: Co around the room and 
let those with the largest number list them for the class. 

? Why is it important to know when a fraction is larger than another? 

Variations: You may wish to cut the fraction sheets into strips for comparison purposes. By 
using different colors of paper, the students can identify how many blue strips equal the size of 
a certain number of red strips, and find the equivalent fractions. Also, you can begin this 
activity using only halves, thirds, and fourths and have the students work in pairs. 



a 



Explain uses for comparing fractions at the grocery store. For example, determine the 
better value — 2 A lb of vegetables or 3 A lb, each costing $1 .00. Which gives you more 
vegetables? 



Fraction sheets are 8V2 x 11 -in sheets of paper that have been divided into equal parts. 
You will need 11 different sheets, as follows: 



0 2 equal parts (halves) 

0 3 equal parts (thirds) 

0 4 equal parts (fourths) 

0 5 equal parts (fifths) 

0 6 equal parts (sixths) 

0 7 equal parts (sevenths) 



0 8 equal parts (eighths) 

0 9 equal parts (ninths) 

0 10 equal parts (tenths) 

0 11 equal parts (elevenths) 
0 12 equal parts (twelfths) 



Fraction sheets can be found on pp. 130-140. 

Students will use the fraction sheets to find equivalent fractions. For example, by 
placing the fourths sheet next to the halves sheet, they can see (by size) that 2 A is the 
same as V2. In addition, students will compare fractions, as explained in the 
engagement activity, step 2. 
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Evaluation 

Give the students a list of fractions to place in numerical order, smallest to largest. Let 
them use the fraction sheets, if desired. 

Journal assignment 

Have students explain under what circumstances they might need to find equivalent 
fractions and under what circumstances they might need to compare fractions. 

Extension activity 

# Have students draw 12 “pizzas'" (circles) on clear acetate. Instruct them to divide 
the first pizza in half, the second in thirds, the third in fourths, and so forth. Let 
students use protractors and straight edges, if desired. Then, have students use 
their pizzas to find equivalent fractions by placing 1 pizza over top of another. 
Have them use this technique to identify and record several fractions that are 
greater than and less than one another as well. 

Home connections 

Ask family members to serve pie for dessert, and talk about the fractional portions of 
the pie as it is served and the fractional portion that is left after everyone gets a piece. 



Hint: Students 
can draw circles 
on clear plastic 
sandwich bags 
and cut them out 
for this exercise . 

If using this 
activity with lower 
grades , teachers 
may wish to 
prepare the 
“pizzas" for 
students before 
beginning the 
exercise. 
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Name 



Directions: Choose 2 fraction flash cards at a time and compare the fractions. If they are the same, list 
the fractions with an equal sign between them. If they are unequal, determine which is greater and use the 
greater than sign (>) between the 2 fractions. 

Example: 4 /s = 8 /io (four-fifths equals eight-tenths) 

4 /s > 3 /7 (four-fifths is greater than three-sevenths) 



1 . 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

10 . 

11 . 

12 . 

13 . 

14 . 



13g 



15 . 
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mu 







} 



5 

8 


5 

9 


5 

10 


5 

11 


5 


6 


6 


6 


12 


7 


8 


9 


6 


6 


6 


7 


10 


11 


12 


8 


7 


7 


7 


7 


9 


10 


11 


12 


8 


8 


8 


8 


9 


10 


11 


12 
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Students will explore with base ten strips to recognize the connection between decimals 
and fractions. 



Building models 


O Interpreting data 


Categorizing or classifying 


O Measuring 


Communicating 


O Observing 


Comparing 


O Ordering 


Controlling variables 


O Predicting 


Experimenting 


O Reasoning 


Hypothesizing 


O Recognizing relationships 


Inferring 


O Recording 



I O 

II o 



III p 

IV o 



v o 

VI o 



VII o 

VIII o 



Note: The primary strand is marked with a “P” and each related strand is marked with an “X.” 



4 th -grade outcomes 

O 1 02 03 



04 05 06 07 08 09 



o io on 

O 22 



0 12 0 13 0 14 0 15 0 16 0 17 0 18 0 19 0 20 0 21 

0 23 O 24 O 25 

6 th -grade outcomes 

01 02 03 04 05 06 07 08 09 O 10 Oil 

0 12 0 13 0 14 0 15 0 16 0 17 0 18 0 19 0 20 0 21 0 22 

0 23 0 24 

9 th -grade outcomes 

01 02 03 04 05 06 07 08 09 O 10 Oil 

0 12 0 13 0 14 0 15 0 16 

Refer to Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes. 
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> Sets of base ten strips (see sample, p. 146) 
t> Conversions worksheet 

> A $1 bill 

> 4 quarters 



1 . Hold up a dollar bill and explain that you owe someone $0.50. Ask students how 
many parts (i.e., what fraction) you should cut from the dollar bill to pay the 
person back. Students will probably tell you that this isn’t possible, so ask them 
how you can illustrate $0.50 by folding the dollar bill. (Answer: Fold the dollar bill 
in half.) 

2. Next, hand a student the dollar bill and hold 3 quarters in your hand. Ask students 
how to fold the dollar bill to represent your 3 quarters. (Answer: Fold the bill into 
fourths, then open it until V4 remains folded.) 

3. Explain to the students that they have been converting between fractions and 
decimals, and that they will do more conversions in the next exercise. 



1 . Allow students to freely explore with base ten strips until they get used to them. 

2. Tell students that the large square is the unit of 1 .0 and that placing 10 of the 
strips together forms a large square in which each strip is worth 0.10. 

3. Demonstrate for students that placing 100 of the smaller squares together forms a 
larger square in which each square is worth 0.01 . 

4. Distribute the Conversions worksheet. Work the first 6 problems with the class to 
confirm understanding. Note: Make sure that students recognize the difference 
between problems #5 and #6. 

5. Once students can make different decimals with base ten strips, ask them to name 
the fractions represented by the square, strips, and smaller squares. (Answers: Vi, 
Vio, Vioo.) 

6. Have students complete problems #7 through #12 on the worksheet. Walk 
around the room, monitoring students’ work to make sure their answers are correct. 
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Note: Help students understand the difference between problems #11 and #12, if 
needed. 

7. Instruct students to complete problems #13 through #18 by converting the 
decimal to a fraction or the fraction to a decimal. If students experience difficulty, 
help them to identify denominators that convert to fractions easily (e.g., 10, 100). 
Then, have them multiply the denominator and numerator to create a fraction that 
converts easily to a decimal. 

Real-life applications 

Bring in some department store advertisement circulars and help students calculate the 
discounts (e.g., an item is Vioth off). Ask them to name similar ways we use conversions 
in daily life. 

« 

Evaluation 

Give students a different set of conversion problems to work without using the base 
ten strips. 

Journal assignment 

Ask students to explain the difference between 0.05 and 0.50, using fractions and 
decimals. 




# Help students convert more difficult fractions to decimals, such as V 3 , V6, and Vs. 

Connections to other subjects 

Music. Have students name the fraction represented by a quarter note, then name the 
decimal it represents. 

Economics. Have students name the fraction for a certain amount of money, such as 
$0.50. 

Science. As students are measuring different amounts of chemicals for an experiment, 
have them convert the amounts to decimals and fractions. 

Home connections 



Have students locate and record examples of fractions and decimals found in stores, at 
home, and on signs, then estimate each example’s conversion. 
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1 




Name 

Illustrate decimals by using and drawing base ten strips: 

1) 0.5 2) 0.06 3) 0.65 



4) 0.32 



5) 0.70 



6) 0.07 



Illustrate fractions by using and drawing base ten strips: 

7) 4 /io 8) 56 /ioo 9) Vioo 

10) 1 Vioo 11) Vioo 12) 9 /io 



Illustrate decimals or fractions by using and drawing base ten strips. Then, write the equivalent decimal or fraction 
next to each drawing. 

13) Vs 14) 0.2 15) V 50 



16) 0.75 



17) V25 



18) 0.08 









A 






1 * H%M WDTFffi] £®&WMD(0)MS 

ERIC— _ 


■ 


w 

I 






■ 




% % % % % + $ $ 



©fflWgP 




Illustrate decimals by using and drawing base ten strips: 




1) 0.5 


2) 0.06 


3) 0.65 


5 strips 


6 smaller squares 


65 smaller squares or 6 strips am 
5 smaller squares 


4) 0.32 


5) 0.70 


6) 0.07 


32 smaller squares or 
3 strips and 2 smaller squares 


7 strips or 70 smaller 
squares 


7 smaller squares 


Illustrate fractions by using and drawing base ten strips: 




7) Vio 


8) S6/ 100 


9) Vioo 


4 strips or 40 smaller 
squares 


5 strips and 6 smaller squares 
or 56 smaller squares 


1 smaller square 


10) 1 3/100 


11 ) Vioo 


12) Vio 


1 large square and 
3 smaller squares 


9 small squares 


9 strips or 90 small squares 


Illustrate decimals or fractions by using and drawing base ten strips. Then , 
next to each drawing. 


write the equivalent decimal or fraction 


13) Vs 


14) 0.2 


15) Vso 


Converts to 0.8 
8 strips or 80 small squares 


Converts to 2 /io 
2 strips or 20 small squares 


Converts to 0.16 
1 strip and 6 small squares or 
16 small squares 


16) 0.75 


17) V25 


18) 0.08 


Converts to 3 A 
7 strips and 5 small squares 
or 75 small squares 


Converts to 0.24 
2 strips and 4 small squares 
or 24 small squares 


Converts to 8 /ioo 
8 small squares 
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1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


60 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


71 


72 


73 


74 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


92 


93 


94 


95 


96 


97 


98 


99 


100 
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Abowit this learning activity 

Students will use scores from the newspaper and their own basketball shots to calculate 
fractions and decimals. 



O Building models 
O Categorizing or classifying 
O Communicating 
O Comparing 
O Controlling variables 
O Experimenting 
O Hypothesizing 
O Inferring 



O Interpreting data 
O Measuring 
O Observing 
O Ordering 
O Predicting 
O Reasoning 

O Recognizing relationships 
O Recording 



Ohio mathematics proficiency strand (s) 



I O III P VO VII o 

no iv o vi o vm o 

Note: The primary strand is marked with a “P” and each related strand is marked with an “X.” 

Ohio mathematics proficiency ontcomes 

4^— grade outcomes 



O 1 0 2 0 3 


04 


O 5 


O 6 


O 7 


O 8 


O 9 


O 10 


O 11 


O 12 O 13 O 14 
O 23 O 24 O 25 


O 15 


O 16 


O 17 


O 18 


O 19 


O 20 


O 21 


O 22 


6 th -grade outcomes 

O 1 02 03 


04 


O 5 


O 6 


O 7 


O 8 


O 9 


O 10 


O 11 


O 12 O 13 O 14 
O 23 O 24 


O 15 


O 16 


O 17 


O 18 


O 19 


O 20 


O 21 


O 22 


9 th -grade outcomes 

O 1 02 03 


04 


O 5 


O 6 


O 7 


O 8 


O 9 


O 10 


O 11 



O 12 O 13 O 14 O 15 O 16 

Refer to Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes. 




Hint: You can 
substitute nerf 
balls and 
containers for 
basketballs and a 
basketball court 
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Materials 

> Basketballs 

> Basketball court 

> Calculators 

> Paper and pencils 

> Newspaper sports sections 




Take the students to a basketball court (indoors or outdoors). Have them work in pairs, 
taking turns shooting 10 times each and recording the baskets scored. (Or set up 
containers in the classroom and use soft balls to shoot 10 times.) 



1 . Distribute newspapers. Have students work in groups to find and record sports 
statistics like basketball shooting percentages and baseball averages. 

2. Have the groups discuss how their statistics might be calculated. Remind them to 
discuss their own statistics, recorded during the engagement activity, too. 

3. Instruct groups to appoint a spokesperson. Have each spokesperson report the 
findings. Record pertinent facts on a transparency or the board. 

4. Ask students to record their basketball results as a fraction (e.g., 7 /io, Vio). 

5. Briefly review students’ knowledge of decimals. Ask them to convert their 
basketball results to decimals (e.g., 0.7, 0.5). 

6. Pose this question: What if you had 12 shots? 

7. Explain that they could still write their results in fractions (e.g., 7 /i 2 , V 12 ), then ask 
how they would change the fractions to decimals. Challenge groups to use 
calculators to find a mathematical operation for converting each member's original 
basketball score — out of 12 shots — to a decimal. 



8. After a few minutes, have groups report what they have tried and record those 
attempts. Note: Through the process of elimination, someone will eventually find 
the correct mathematical operation — divide the numerator by the denominator. 
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9. Help students discuss how the group(s) found the correct mathematical operation. 

Then, let groups practice this operation on their members’ scores. 

Evaluation 

Direct each student to make a list of 20 fractions, then trade lists with a partner. Have 

each student convert the 20 fractions to decimals. 

Journal assignments 

° Have students write about the relationship between fractions and decimals, and 
describe the method they used to change fractions to decimals. 

° Instruct students to answer this problem in their journals: You run out of gas while 
mowing lawns. Your gas can holds 12 gallons. The gas pump displays quantities in 
decimals. What decimal quantity will the gas pump display after you fill your gas 
can? 




# Instruct groups of students to create simple games in which each player has 7 
opportunities to score a point. Then, let students play the games and record 
results, both as fractions and decimals. 




Language Arts. Choose a paragraph in a student text. Have students count the 
number of declarative, interrogative, imperative, and exclamatory sentences in the 
paragraph. Then, express each type of sentence as a fraction and a decimal (e.g., 
declarative: 2 /io, 0.2). 

Home comumectoomis 

Have each student list all the members of his/her household, including pets, then write a 
fraction and a decimal for the portion of the household that is female and the portion 
that is male. 

Resources for teachers 

Big Book of Everything — Fifth Grade by Mel Fuller (Instructional Fair, 1995) 

Problem Solving in Sports (Frank Schaffer Publications, Inc., 1995) 

Worksheet Magazine (April/May/June, 1992) by The Education Center, Inc., Greensboro, 



NC 

Mad Math by Sue Macy (Scholastic, Inc., 1987) 








Students will use number lines and base ten strips to help them order fractions and 
decimals sequentially. 



O Interpreting data 
O Measuring 
O Observing 
O Ordering 
O Predicting 
O Reasoning 

O Recognizing relationships 
O Recording 



VII O 

VIII O 



O Building models 
O Categorizing or classifying 
O Communicating 
O Comparing 
O Controlling variables 
O Experimenting 
O Hypothesizing 
O Inferring 



I X 

II O 



III P 

IV O 



v o 
VI o 



Note: The primary strand is marked with a “P” and each related strand is marked with an “X.” 



Ohio mathematics 


proficiency 


outcomes 










4 th -grade outcomes 

O 1 0 2 0 3 


O 4 


O 5 


0 6 


O 7 


O 8 


O 9 


O 10 


O 11 


O 12 O 13 O 14 


O 15 


O 16 


O 17 


O 18 


O 19 


O 20 


O 21 


O 22 


O 23 O 24 O 25 

6 th -grade outcomes 

O 1 0 2 0 3 


O 4 


O 5 


0 6 


O 7 


O 8 


O 9 


O 10 


O 11 


O 12 O 13 O 14 


O 15 


O 16 


0 17 


O 18 


O 19 


O 20 


O 21 


O 22 


0 23 O 24 

9 th -grade outcomes 

0 1 02 03 


0 4 


0 5 


0 6 


0 7 


O 8 


O 9 


O 10 


O 11 


O 12 O 13 0 14 


0 15 


0 16 















Refer to Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes. 
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